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INTRODUCTION 

The Intel Memory Design Handbook contains 
information on the use of Intel's memory components 
and support circuits in system application. It is intended 
to aid the system designer to gain a thorough 
understanding of the operation and characteristics of 
Intel memory components in a system environment. 

The Handbook contains six major sections: 

1. An overview, which discusses the evolution of various 
members of the semiconductor memory family. 

2. Random Access Memories, which discusses the Intel 
16K, 4K family of dynamic RAMs, and both high speed and 
low power Static IK RAMs. 

3. Read Only Memories, which discusses the Intel 
bipolar and MOS families of fusible link and Erasable 
Programmable Read Only Memories, including the 
newest 5V 16K device, the Intel® 2716. 



4. Serial Memories, which discusses the operation of 
Charge Coupled Devices (CCD's) and the information 
necessary to design several systems with them. 

5. Support Circuits, which discusses the use of the 
various refresh controllers and drivers that are available 
as companion devices to the Intel storage devices. 

6. Appendix, which contains reprints of several 
previously published articles that are pertinent to the 
devices discussed elsewhere in the handbook. 

The Intel Data Catalog is intended to be a companion to 
the handbook, as it contains detailed specifications of 
all of Intel's storage devices. You may request a copy of 
the Data Catalog from the nearest Intel Sales Office or 
distributor listed on the inside back cover. 

Sofa Greene 

Application Engineering 
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The cover represents the entire process of designing a 
semiconductor memory. 

1. During the process of manufacture, each 
semiconductor memory is "laid out" in a manner similar 
to that used in printed circuit boards, with a different 
mask used for each step to control etching, metal 
deposition, etc. This rendering illustrates a reduced 
segment of a mask used in manufacturing an Intel 
dynamic RAM. 



2. In order to interconnect the storage and control 
devices to make an operational memory system, a 
printed circuit board must be designed. This photo 
represents the composite (component side and solder 
side) layout used by designers to check the electrical 
integrity of the circuit connections. Detailed memory 
storage card layouts are presented in several sections of 
this handbook. 

3. No system is complete without a logic diagram of the 
control portion. The correct implementation of control 
logic is absolutely necessary to proper operation of any 
storage system. NOR gates, NAND gates, as well as 
other TTL logic elements are the building blocks used 

in designing the control and interface portions of a 
storage system. 

4. The finished storage card will resemble this photo of 
the Intel in-1611 Basic Storage Module, designed and 
manufactured by the Memory Systems Division of Intel. 
The in-1611 uses the Intel® 2116 as the basic storage 
element. The card is available in either 64Kx18 bit or 
128Kx9 bit configurations, and can be used in systems 
requiring up to 384Kx72 bit storage systems utilizing the 
Intel in-Unichassis, 

5. The proof of any storage system is in its 
performance. Using a high speed oscilloscope, this 
photograph was taken of an access cycle on an Intel® 
2115, a high speed IK static RAM. The address is 
shown as the top trace, and the bottom trace is the Data 
Out signal. This particular device shows an access time 
of approximately 15 nanoseconds at room temperature. 
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OVERVIEW 

Developments in the semictrndoctor bidustry dur- 
ing the last six years have resutM ki a major shift 
in the type of stdn^e; technolc^ tttedin digital sys- 
tems. Semiconductor' memories v&$A today are low- 
er in cost, higher in density, faster in access and 
cycle time, higher in reliabihty and more modular 
in incremental size than the comparable core mem- 
ory modules that are available. The advantages of 
semiconductor memories have been so widely ac- 
cepted that semiconductor memory shipments will 
exceed core memory shipments in 1 975 . The curves 
shown in Figure 1 show this change in the memory 
market place and the increasing importance of semi- 
conductor memory. 

SEMICONDUCTOR MEMORIES 

Semiconductor memories are divided into three 
broad categories as shown in Figure 2. With two 
exceptions, each of these three generic categories 
can be implemented with either of the two major 
semiconductor technologies: MOS or bipolar. These 
exceptions are the CCDs (Charge Coupled Devices) 
and EPROMs (Erasable Programmable Read-Only 
Memories) which are uniquely implemented with 
MOS technology. 

Random Access Memories 

No other area of semiconductor memory has grown 
as rapidly and as large as that of random access 
memories. Leading the way in the explosive growth 
of RAMs are the MOS devices. One of the reasons 
for the wide acceptance of such devices has been 
the increasing bit density of MOS devices. The den- 
sity has been quadrupling on the average of every 
two years as shown by the graph in Figure 3. 

In 1969, Intel introduced the 1101, a 256 xl bit 
static MOS random access memory (RAM). This de- 
vice was designed R|j5Pfjp^,ffff.|iqiaJl.J^j^^ 

— ! ' ■ li^bbir- — 




ons where 256 word modularity, low over- 
iport cost, and ease of use were important 
oblcetives. 

In 1971, Intel introduced the 1103, a IK x 1 bit 
dynamic MOS RAM. The 1103 offered a 4:1 den- 
sity improvement along with a 4: 1 speed improve- 
ment over the 1101. The 1 103 was the first semi- 
conductor memory element to be speed and cost 
competitive with core memory systems, which ex- 
plains the fact that the 1 1 03 is the largest volume 
semiconductor memory device ever produced. 

In 1973, Intel introduced the first 4K dynamic 
NMOS memory, the 2107. This product was sub- 
sequently improved and is known as the 2107B, 
which has become the industry standard for 4K 
RAMs in 22 pin packages. In addition, Intel now 
offers the 2 104 A, which fa^ reduced the package 
size for a 4K RAM to a standard 1 6 pin padtage. 
The 2104A, in integrating many of the support &t- 
cuits internal to the device, has produced an im- 
provement in ease of use. P-channel 1 K RAMs, with 
their MOS level inputs, required higji voltage TTL- 
MOS drivers on all input pins. Their low level sig- 
nal output required the use of external sense amp- 
lifiers. These overhead devices have been integrated 
onto the 4K 2 1 04,.\ chip such that all input and out- 
puts are fully TTL compatible. The trend has been 
and continues to be toward denser, faster, and easier 
to use semiconductor memory devices. 

In 1977 Intel introduced the 2116, a 16-pin 16K 
dynamic RAM with latched outputs, thus continu- 
ing the evolution shown in Figure 3. This RAM is 
also TTL compatible on all inputs and outputs, and 
can be plugged directly into 2104A sockets, pro- 
viding a 4:1 increase iri'density. 

While dramatic improvements have been made in 
^ j^^prigs (su,ch as the 1 1 03 and 
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Figure 1. Total Available Memory Market. 



Figure 2. Semiconductor Memory Family Tree. 
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2107A, 2107B, 2I04A), equal improvements have 
been made in high density static, TTL compatible 
memories. This family of devices, such as the 2 102A, 
2101A, 2111A, 2112A, 2114, 2115A, 2147, and 
the CMOS 5101 has greatly increased the ease of 
use of memories in systems which do not require a 
large amount of mejnory. These static RAMs (like 
the dynamic RAMs) are Gontinuing to expand to 
include faster devices. 

Read Only Memories 

The Read Only Memory, like the random access 
memory, has gone through evolutionary changes in 
a'^ort period of time. Innovations in bipolar and 
MOS technology have resulted in programmable and 
eraseable programmable ROMs, called PROMs and 
EPROMs respectively. These two types of devices 
have greatly increased the usefulness and accept- 
ability of Read Only Memories in system applica- 
tions. 

One of the most unique devices in the ROM family 
is tixe eraseable PROM (EPRQM) such as the Inter 
1702A, 2708, and 2'7 l6. These devices, whidi ha^e 
bit densities of 2K, 8K, and 16K respectively, offer 
the system designer maximum flexibility in chang- 
ing pro-am instructtt^ ia the devetopment of 
their systems. 

Other user programmable device types (not erasable) 
are the InteF 3601, 3602 and 3604 family of bi- 
polar PROMs. These devices offer the system de- 
signer very fast access times along with the abiUty 
to change programs "in-house" by merely replacing 
an old PROM with a newly programmed PROM. 

Since their introduction in 1971, MOS EPROMs 
have undergone evolution similar to dynamic RAMs, 
only at a somewhat slower rate. Figure 4 indicates 
that their density doubles approximately every 

two years. 

To maintain compatibility with the new generation 
of microprocessors which have a 5V technology, in 
1977 Intel introduced the 2716, a 2K by 8 bit UV 
eraseable PROM, which requires only a single power 
supply for normal operation. In addition, pro- 




Figure 4. IMOS EPROM Evolution 



gramming was simplified and now resembles a bi- 
polar PROM type of programming; after raising 
programming supply to +26 volts, addresses can be 
programmed in random order; with all signals being 
TTL compatible, including the address data and 
program pulse-inputs. Erasure requirements remain 
the same as the 2708— 15vv sec/cm-. 

In addition to the 2716. true mask ROM replace- 
ment is now available in the form of the Intel 
2316E. When the programmable Chip Select inputs 
are selected in accordance with the suggested pin- 
out in the Intel 1977 Data Catalog, the 2316E can 
plug directly into the 2716 socket, with no need to 
relayout the board. In addition, a system designed 
for use with the 2316E can be "customized" for 
OEM special systems by programming them with 
the custom data pattern and inserting tlieni in the 
2316E sockets, either at time of manufacture or in 
the field. 

All of the Intel PROM family of devices has a 
counter-part in ROM (non alterable or mask pro- 
grammable) form. These devices are generally used 
in systems which are in mass production. 

Serial Memories 

One of the most exciting new memory products to 
be recently introduced is the Intel® 2416, a 16K 
charge coupled device (CCD). The high density and 
low cost of this device makes it very attractive for 
use in "drum" replacement type systems as well as 
terminal and minicomputei applications. 

To facilitate the use of the 2416, Intel now offers 
the 5244, a clock driver that minimizes the prob- 
lems of manipulating the 4 clock inputs by 1 ) pro- 
viding TTL inputs and 2) providing output rise 
time control and 3) providing "cross coupling" 
control to minimize intercoupling between phases. 
One 5244 will drive 4 2416's or provide storage 
and transfer clock control for a total of 64K bits. 

This handbook contains a detailed explanation of 
the use of the 2416 in a system environment. The 
significance of the Linique organization of the 2416 
is also fully exploreil so that the designer may take 
maximum advantage of its characteristics. 
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INTRODUCTION 

The Intel® 21 16 is a 16,384 word by 1 bit dynamic 
random access memory. The 2116 is fabricated 
using Intel's proven two-layer poly silicon, n-channel 
sflicon gate MOS technology. The device is packaged 
in a standard 16^pin DIP. The pin configuration 
and logic synib^li^vAown in Figure 1. 

[V Ml . :l , / 

PIN CONFIGURATION' > UOQIC^MBOL 





1 ■ 


16 


□ ^ss 




*0 








15 


^CAS 




A, 








14 


I]°OUT 










2116. 

f 


13 
12 


□ a. 




\ - 
As 


"out 




6 


11 


□ a. 


— c 


A. 
RAS 








10 




— C 


CAS, 






■ 


9 






WE 





PIN NAMES 



Aq -Aq address inputs 


WE WRITE ENABLE 


CAS COLUMN ADDRESS STROBE 


POWER (-5V1 


D,^, DATA IN 


Vf.(- POWER (+5V) 


□out data out 


V(jo POWER 1*12V) 


ftAs ROW ADDRESS STROBE 


Vgg GROUND 



Figure 1. 21tS RbiliyHligranents 



The 2116 operates with three power supplies rela- 
tive to ground : Vdd (+1 2V), VBB (" 5V), and Vcc 
(+5V). The Vcc supply is connected only to the 
output buffer of the 21 16 and may be turned off 
during power down (battery back-up) operation. 

The 2116 is designed to be compatible with the 
industry standard 16-pin 4K RAM, the Intel® 
2104A. This compatibihty allows a single system 
design for both the 4K and 16K, devices provid- 
ing for memory expansion -wftfi^ffi %tfditionall 
engineering. 

The ti^ of the 1 6-pin package is made possible by 
multiplexing the 14 address bits (required to ad- 
dress 1 of 16,384 bits) into the 21 16 on 7 address 
input pins. The two 7-bit address words are latched 
into the 21 16 by the two TTL clocks. Row A ddre ss 
Strobe (RAS) and Column Address Strobe (CAS). 
Non-critical clock timing requirements allow use of 
the multiplexing tecl!l^» »|i«Jl|«Br:^isftjWil. 
performance. 

Data fe scored in the 2 1 1 6 in single transistor, dyna- 
mic storage cells. The storage cells require refresh- 
ing for data retention. R^isUHg is aicc^Mi^ptWiM 
by p^Bttni^^ niem@<^^ffde«t>«adi «f tlie 128 



The purpose of this Application Brief is to describe 
the basic internal operation of the 2116 and to out- 
line the areas in design which allow a 2104A/2116 
compatible memory system. 
Device Intenal Operation "'^"^ -* ' ^ 

Operation of the 2116 is most easily understood 
with the aid of the block diagram shown in Figure 
2; As is shown in this figure, the 2116 is arrsmged 
a$ two 8192-bit storage arrays sharing a common 
set of column address decoders and a common I/O 
bus. Each array is arranged in a 64 row by 128 
column matrix of storage cells with 128 sense am- 
plifiers per array. Row address bit Ag is decoded 
and selects one of the two arrays to be active dur- 
ing any given memory cycle. Thus, only one set of 
128 sense amplifiers is active diiriflg a C^IIPttSgl^' 
taining low operating power. 
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Figure 2. , gtlttBiM&Wagram 



The storage ceUs are implemented with a single 
tfidisistor 'attd * "St<M^^' capadtor and are called 
single tran^stor cete-^^'-tl^Aijlt accessed by the 
coincidence of a toU^'s^el^ (^ielbied by address 
bits At - Mi ^ a @cMAi»^^lM i(deM^^ M- 
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generators provide the internal timing signals for 
decoding, data sensing, read/write strobing and I/O 
data gating. The timing circuits in the 2116 are 
activated by the nega tive going edges of the two 
TTL clocks, RAS and CAS. -,i 

Data Sensing 

Data is stored in the 2116 storage cells as one of 
two discrete voltage levels on the cell capacitor; 
a high is ~Vdd (+12V) and a low is ~Vss 
(ground). These levels must be sensed by the data 
sense amplifiers and propagated to the Data Output 
(DOUT) in order to fulfill the function of a RAM 
device. Sensing of the stored levels is destructive 
and automatic restoration (rewriting) of the sensed 
data must also.:@CGur. 

The 2116 data sensing scheme is known as the 
Dummy Cell Reference technique. The reference 
level that the sense amplifier compares the stored 
level to is a level stored in a special, non-accessable 
storage cell. The level stored in this reference or 
"dummy" cell is less than the minimum allowable 
stored high level and greater than the maximum 
allowable stored low. Examination of the simplified 
sense amplifier schematic of Figure 3 will clarify 
the sensing operation. 




Figure 3. Simplified 2116 Data Sensing Schematic 



During the RAS clock off time (high), 0p turns on 
devices Q5 and Q6 connecting nodes A and B to 
Vdd and precharging the nodes to Vx(~Vdd-Vt 
where Vj is the MOS device threshold voltage). 
Device Q7 is also turned on by 0p and connects 
nodes A and B together assuring that they reach 
the same precharge level. 0p also turns on device 
Q9 precharging the dummy storage cell capacitor 
IGD&TG) to VreF' : 



When RAS goes active (low), 0p turns off isolating 
nodes A and B and the dummy cell capacitor. When 
the row address bits have been decoded and the 
row select is valid, 0a turns on Q8 and QIO, the 
dummy cell and storage cell transistors respectively. 

This connects the cell capacitors to the bit sense 
lines (Bit Sense Line Left [BSLL] and Bit Sense 
Line Right [BSLR] ). If the voltage stored in CsTG 
is greater than the voltage stored in CpSTG (Vref)> 
node A will be higher than node B. This vtrftage 
inequality will cause the sense amplifier (a cross- 
coupled latch made up of devices Ql and Q2) to 
switch when load devices Q3 and Q4 are turned 
on by 0B- The latch will switch node B to Vss 
and node A to ~Vdd due to the regenerative 
action of the latch. 0B is delayed from 0a suffi- 
ciently to allow the voltages on nodes A and B to 
stabilize prior to enabling the sense ampUfier. If 
the voltage stored in CSTG had been less than that 
stored in CdSTG. the latch would have sensed a 
low and switched such that node A would be at 
VgS and node B would be at ~VdD- 

After the stored level has been sensed against the 
reference level, the sense amplifier will have forced 
BSLL to a level corresponding to the level originally 
stored in the storage cell capacitor (Vdd if VcSTG 
> Vref or Vss if VcSTG < Vref)- Since the 
storage cell transistor (QIO) is still turned on, the 
storage cell capacitor will be charged to the BSLL 
level. This effectively restores the sensed data into 
the cell capacitor but at full levels, not leakage or 
noise degraded levels. This is also what occurs 
when a storage cell is refreshed, the data integrity 
is restored through the sensing function. 

Note that the stored level only has to be greater 
than or less than VreF> not full Vdd or Vss 
levels. This is important because leakage currents 
from the storage cell capacitor degrades a stored 
high level toward VreF while system ground noise 
degrades a stored low level toward VreF- Leakage 
degraded high levels are the most serious design 
problem and Vref is generally set closer to VsS 
than to Vdd to counteract the leakage effects. 
Leakage of stored high levels is also the reason dy- 
namic storage RAMs must be periodically refreshed. 

Data Storage 

The block diagram in Figure 2 shows that the two 
8192-bit arrays in the 2116 share a common 1/0 
bus and common column decoders. The simplified 
schematic of Figure 4 shows one set of correspond- 
ing columns from the two arrays with their sense am- 
plifiers and I/O gating. As shown, the I/O bus con- 
sists of two parallel, opposite polarity data lines 
which connect the eoIumn(s) to the Data In and 
Data Out latches. Referring to the previous dis- 
cussion of ttie operation of the senss ampllfieis 
mi rtorgge. sseis, a "stored level" oi data map may 
be developed for the 2116. 
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Figure 4. I/Q-Ligip imd Data Column Sehematie 



Column select device (Q3) connects sense amplifier 
Al and its related storage cells to the I/O line. Data 
stored in the cells on Al's BSLR will be inverted 
with respect to the data level at the Data Input 
(Din)- Data in the cells on BSLL will be the same 
polarity as Din since the I/O bus data is inverted 
through the sense amplifier. Conversely, sense am- 
plifier BI and its related cells are connected to the 
I/O line by device Q4 and data on it's BSL L will 
be Din while data on it's BSLR will be DIN. These 
data inversions are internal to the 21 16 and are in- 
visible to the user since Dqut will be the ssme 
pdaiity as H^. He diMa ■mm'^. Bs^Mii^iJ^ 
th^j|m^|^ -f%^^ T^if ligure also in- 

dicates' <i«s'sk4!^fi^.|i;;^ 311$', ' ^ . . 

■•: - I' ' ' ■■ jt . 

Address Latches ,i. ' 

The 7-bit row and colu mn ad dress words are latched 
into internal latches by RAS and CAS respectively. 
These latches capture the TTL level address infor- 
mation on the shared address input pins and convert 
the TTL levels to the MOS levels (12V) required 
internally by the 2 1 1 6. 



As As 



Data 

^^i:}^riteta> in^t (Din) ai^.'Ek^ ^<altt|»ut 
(l%|jf^^'MbMeHw>M(lateh«^<'%>thie lltMi^m 
input data is latcltfea^'By thfe togm kf^ fim^ 
of RAS, CA S, an d WE. When a data cycle is being 
performed (RAS low). Din will be latched by the 
f allin g edge of the last of the two control signals 
(CAS or WE) to go lo w. In a "fast" write cyclej.e., 
WE low before CAS goes low, the CA S edge will 
operate the latch. In a "late" write (CAS low before 
WE goes low) or read-modify-write cycle, DjN is 
latched by the falling edge of WE. 
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The Data Ou tput (DqUT) latch and buffer is 
cont rolled by CAS. The leading (falling) edge of 
CAS in any cycle causes DqUT to assume an open- 
circuit (Hl-Z) state. At access time (tRAC or tCAC). 
DOUT will assume a data state (high or low) depen- 
dent upon the type of data cyle performed or will 
remain in the HI-Z state if the cycle was a CAS-only 
deselect cycle. The DqUT state is latched and re- 
mains valid until the next cycle during which a 
CAS occurs. Table I summarizes the states the data 
output assumes for each type of 2 1 1 6 cycle. , 
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Refresh Modes 

The data stored in the 21 16 single transistor storage 
cells may be refreshed in any of three modes. The 
cells must be refreshed every 2msec. 

Read Cycle Refresh: A read cycle at each of the 
128 row addresses (Aq - A6) of the 21 16 will refresh 
all the storage cells. This refresh mode is useful 
only when the memory system consists of a single 
row of devices (16K words X n-bits) and OR-tying 
of outputs is not necessary. Each device will access 
data during the refresh cycle and OR-tying of device 
outputs would result in conflict between devices 
for the output data bus. Write cycles also fulfill the 
refresh requirement but the selected cell (deter- 
mined by the column address) on the row brng 
refreshed will have new data written into it while 
the remaining 127 eells cin the row are simply 
refreshed. 



Tibtel. Data Output Content 
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RASOnly Refresh: A cycle with only the RAS 
elitck active, performed at each of the 128 row 
addresses wQl refresh the 2116 storage cells. This 
modfe is useful wh^ the memory system con- 
sists of multiple rows of devices. The data outputs 
of the RAMs may be OR-tied when RAS-only re- 
fresh cycles are performed since the Dqut lin^ of 
each 2116 will remain unchanged during the refresh 
cycle. 



CAS-Before-RAS-Refresh: The 2116 storage cells 
may be refreshe d wit h only 64 cycles each 2nisec if 
the CAS-bef ore-R AS mode is used. In t his m ode, 
initiated by CAS being valid (low) when RAS goes 
low, both 8KX1 halves (see Figure 2) of the 21 16 
are turned on and one row in both halves is refreshed 
during each cycle. Since there are 64 rows of cells 
in each half, only 64 cycles are required to refresh 
all the cells. This refresh mode is also useful in sys- 
te ms w ith multipl e row s of devices since receipt of 
a CAS before the RAS turns off all device outputs, 
thereby preventing OR-tied data conflicts. 

APPLICATIONS INFORMATION 

The Intel® 2116 is functionally compatible with 
the industry standard Intel® 2104A 16-pin 4K 
RAM. It is pin compatible with the 2104A with 
the exception of the seventh address bit (Ag) input 
pin. The 4K RAM uses that pin as the Chip Select 
(CS) input pin. The CS signal on the 4K RAMs was 
essentially treated as a seventh column address bit 
and, therefore, there is considerable similarity be- 
tween the 1 6K and 4K 1 6-pin RAMs. 

The following apphcations information will con- 
centrate on designing compatible 4K/16K memory 
systems rather than on just using the 2116. Addi- 
tional basic applications information on the use of 
16-pin, multiplexed address RAMs is contained in 
the next section of this Handbook. 



Implementing Refresh 

The 2116 may b e refr eshed in any of three modes. 
Read cycles and RAS-only cycles refresh the row 
of storage cells (1 of 128 rows) addressed by Aq 
through A6 and, therefore, require 1 28 cycles each 
2msec to refr esh t he stored data. The third 2116 
refresh mode, CAS-before-RAS, refreshes two rows 
of storage cells during each cycle and, therefore, 
only requires 64 cycles each 2 msec to refresh the 
stored data. 

The 2104A is compatible with all three 2116 re- 
fresh modes. A very sim ple c ompatible refresh 
system would perform 1 28 RAS-only refresh cycles 
each 2 msec on both the 2104A and 2116. The 
2104A would of course be refreshed twice as 
often as necessary but this is not a problem. The 
advantage would be that no logic or timing change 
would be neeessaiy to differentiate between the 
4K and 1 6K RAMs for refreshing. 

Read cycles could also bejjsed with 1 28 cycles each 
2 msec but the 2104A CS input would need to be 
driven high (deselected) during each cycle to pre- 
vent data bus conflicts between OR-tied 2 1 04A data 
outputs during refresh. This requires a logic control 
funtion of CS during refresh (and read cycles also 
dissipate more powe r tha n RAS-only cycles) so 
most systems will use RAS-only refresh. 
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Each of the first two refresh modes require 128 
refresh cycles each 2 msec. Assuming a system cycle 
time of 500 nsec, 3.2% of the available memory 
time is required for refreshing. In many systems, 
this loss of memory availability is of no conse- 
quence. In the high throughput memory system 
environments found in many large and mid-sized 
computer systems, however, E«iy,kw pf: aemoiy 
availibility is imdesiieaMei. 

For these systems, the 64 cycle refresh mode is 
advantageous dnce it requires only 1.6% of the 
avmlable memory Mroy a 50% savii^ over 128 
cycle refresh. It is 06 compatible with the 4K 

RAM ^s*s4«ar'psra^^--in »e since' ■ (he - the 
RAlils require c«ly 64 reftesh eyclies each 2 msec. 

The 2116 automatic ally goes into its 64-cycle 
refre sh m ode whe^- 'CAS is low (ac tisej at the 
time RAS goes low Diiitfve). Wied ttas CAS-belcire- 
RAS ccxiditiffla Is sa:tt^d, tiie 2 1 16 igftoi^ addikss 
bit A6 and frfiesheS tme row in' each half of 
device, thus refreshing all 1 28 rows of storage cells 
in only 64 cycles. Address bits Aq through A5 de- 
termine which ro ws ar e refres hed. The 2 1 04A will 
also accept the CAS-before-RAS cycle and will 
simply perform a READ cycle on the row addressed 
by address bits Aq through A5 , thereby refreshing 
the row of storage cells. The 2 104A CS input should 
be driven high (unselected) during this refresh mode 
to prevent conflicts between OR-tied data outputs 
just as with normal read cyde refreshing. 



Address Multiplexing/Refresh Timing 

After the refreshing mode has been selected, the 
address multiplexer and refresh address counter/ 
timer must be configured to support the selected 
operational mod e. The simplest compatible mode 
(128-cycle RAS-only refresh) will again be devel- 
oped first. Figure 6 shows the detailed block dia- 
gram of the logic required to perform the multi- 
plexing/refresh function for the 2104A/2116 com- 
patible system. An implementation of the required 
logic using the Intel® 3222 and Intel® 3242 
Schottky TTL memory support devices is shown in 
Figure 7. 

The 2104A requires 12 address bits multiplexed in- 
to 6 address input pins plus a Chip Select (CS) in- 
put. The 2116 requires 14 address_bits multiplexed 
into 7 address input pins and no CS signal. Rather 
than requiring jumpers or strapping at each address 
multiplexer input p^, the . .address assignments 
shown in Figure 1 ate 'WaffiMed'' to minimize 
the strapping requireiiMts as much as pos^bte. Hiis 
address scramblingeffefcfs oiily the coluiBU addresses 
to the 2116. It results in the column address to the 
memory devices progressing in the order 0, 2, 4, 6, 

, 124, 126, 1, 3, 5, 7, ... . 125, 127 as the 

ccdumn address bits (A9 through A 13) from the 
processor progress in the order 0, 1 , 2, 3, 4, . . . . , 
125, 126, 127. This does not effect refreshing 
since only the column address bits are scrambled. 
No system effects will result from tliis technique 
but it is necessary to be aware of the addressing 
'^^araci^^gics-iMle troubleshooting the system. 
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Figure 7. 4K/16K Memory Syttam Control 



The circuit of Figure 7 assumes a memory board 
configuration of four rows of memory devices 
(16K words X n-bits with tlie 2104A or 64K words 
X n-bits witli the 2 1 16) . It also assumes that row 
selection will be via RA S gat ing for both the 2104A 
and 2116 and that the RAS-only refresh mode will 
be used with both de vices . The address decoding 
for row selection and RAS gating is performed by 
the 3205. Only address inputs Aq and Ai of the 
3205 are used and the E3 enable input pin is used 
to inhibit the address decoding during refresh cycles. 

Processor address bits A\2 and A] 3 are decoded 
toy the 3205 when the 2104A is used (14 system 
address bits total) and address bits A 14 and Ais 



are decoded for row selection with the 2116 (16 
system address bits total). This requires strapping 
of the proper system address bits into the 3205 as 
indicated in Figure 7. 

A 74S00 quad Nand gate is used in an invertin g OR 
gate configuration to provide either l-of -4 RAS 
enables during data cycles or 4-of-4 RAS enables 
during refresh cycles to refresh all rows at once. 

The 3242 includes the refresh address counter and 
the counter is incremented following each refresh 
cycle by the high-to-low tran sition of the REFRESH 
ENABLE signal at the 3242 COUNT input. 

An optimization of the configuration of Figure 7 
would be to select between 64-cycle refresh for the 



«ifl 



2116 



tW^ 'A and llS'cycle refresh for the 2116. Hit 
waW^'Optmiize fhe me mory availability for eswk 

8 ^ows tte incMlficati^ i«^irii«3 em the 
ek®mt etRpwfe 7 t^tiapleroent tbe atfresh switeh- 
ijjgi. 

If |i4>cycle refre^ Is i^B«d for%dtH'life 4K and 
16K R AMs , clock control logic is necessary to 

switch CAS low prior to RAS during refresh cycles. 



The CS pin of the 2 104 A must also be drtvea ba^ 
during refresh cycles to prevent data output ^iis 
conflicts. One Mlstt^ logic conflgurat^*^ per- 
form the svrtt^big faction is shown bi l^iffie 9. 

The recommended printed circuit board layout for 
the memory device array is shown in Figure 10. 

Notice that each power siipph- distribution system 
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Figure 9. Multiplexed CAS for 64 Cycle Refresh 



in this double-sided layout is gridded both horizon- 
tally and vertically at each device location. This 
technique provides a low inductance, high quality 
distribution system which performs as well as multi- 
layered layout techniques. 

When the layout of Figure 2 and the following 
recommended decoupling capacitance values are 
used, power supply noise levels within the memory 
device matrix will be within the required operational 
limits for the 2104A and 2116. 



Recommended 
iFoUows: 



dec@t^p»% for ti^ 2104A is as 



VdD- a O.ljLiF ceramic capacitor between Vdd 
and Vss at every otlier device location. 
A lO/iF tantalum or equivalent bulk capac- 
itor adjacent to the array for each 1 6 devices 
in the array. 



Vbb: a 0.1 juF ceramic capacitor between Vbb 
and Vss at every other device location 
(preferably alternate devices to &e Vjyo 
decoupling). 

A lOfiF tantalum Wiequivalent bulk capac- 
itor adjacent to the array for each 32 devices 
in the array. 

Vcc: A O.OI/LiF ceramic capacitor between Vcc 
and Vss for each 8 devices in the array. 



Recommended decoupling for the 21 16 is tlie same 
as for the 2104A with the following exceptions: 

VdD: Use 0.33juF ceramic capacitors rather than 
0.1 mF. 

Use a 20|uF tantalum rather than a lOfiF. 

A common configuration would be to use 0.33mF 
ceramics for VdD decoupling with both the 2I04A 
and 2116. Also use a lOnF tantalum on Vdd for 
each 8 devices in the array. The Vbb and Vcc de- 
coupling would use the recommended values for 
the 2104A. This configuration would yield accept- 
able results with both the 4K and 16K devices and 
would most likely be more economical than using 
two different configurations. 




DECOUPLING CAPACITORS 
D = 0.33 ;jFto Vdq TO Vss 

B = 0.1 nF Vbb to Vss 
c = 0.01 mf Vcc to Vss 



Figure 10. ftacomnieii(l«lnv»SidaflBitard'tdiyoutfor2116 
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INTRODUCTION 

The Intel® 2104A is a 4096 word by 1 bit dynamic 
random access memory. The 2104A is fabricated 
using Intel's proven n-channel silicon gate MOS 
technology. The device is packaged in a standard 
16-pin DIP. The pin con%uration and logic symbol 
are Shown in Figiire 1.' ■ ^ '■ 

PIN CONFIGURAT1941 ^ Ldi&ic Di'a.(6«#i''' ' 
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The combination of Intel's n-channel silicon gate 
process and circuit design has resulted in a part 
that is fast, easy to use, and economically produced 
in large volume. In addition, the combination of 
process and device design has resulted in a small 
device using conservative layout rules. The small 
size offers advantages in both large volume produc- 
tion and increased reliability. 

The 2ib4A operates with three power suppUes 
relative to ground: Vdd (+12V), Vbb (-5V), and 
Vcc (+5V). The Vcc (+5V) supply is connected 
only to the output buffer of the 2104A and may 

be turned off during power down operations. 

The unique design of the 2104A allows it to be 
packaged' in the industry standard 16-pin dual-in- 
line package. The 16-pin package provides the 
highest system bit densities and is compatible with 
widely available automated handling equipment. 

The m& of fce 1 6-pin package is made possible by 
rrml^te^ fce 12 address, bits (required to 
address 1 of 4096 bits) into the 2 104 A on 6 
address input pins. The two 6-bit address words are 
latched into the 2104A_by the two TTL clocks, 
Row Ad dress Strobe (RAS) and Column Address 
Strobe (CAS). Non-critical clock timing require- 
ments allow use of the multiplexing, technique 
while maintaining high performance. 



The dynamic storage cell pM^i^ Mi sp?Bi<rt^ 
with low power dissipation.^ The mmiofy cell 
requires refreshing for data retention. Refreshing is 
most easily accomplished by performing a read 
cycle at each of the 64 row addresses every 2 milli- 
seconds. 

The purpose of this application note is to describe 
the internal operation of the 2104A and outline 
those areas in system implementation to which the 
designer should pay particular attention. 

DEVICE CIRCUIT OPERATION 

Operation of the 2104A is most easily understood 
with ^ aid of the block diagram shown in Figure 
2. As is shown in this figure, the memory array is 
arranged in a 64 row X 64 column matrix of 
storage fiells.- The stpra^e cells are implemented 
with sejpct transistors, and "storage" capacitors. 
TThe^qtteraljjMiiaf the storagp cell will be discussed 
later. The. cell is accessed by the coincidence of a 
row select (defined by addresses A0-A5) and a 
column select (defined by addresses A6-A1 1) signal 
at- the desteed address. On chip timing and control 
generators provide the internal timing signals for 
decoding, read/write strobing, data gating and 
output gating. All of the timing 'eircuiS'' in "'Oie 
2104A''are activated b y the ne gaBve goffl^ eldges 
of tite'km ¥f L clbckis, RA§ and CAS. ' ■ 
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Figure 2. 21 04A Block Diagram 
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Data Accessing 

Prior to discussing the RAS/CAS timing relation- 
ships, a discussion of the basic operation of dynamic 
4K RAM devices is in order. Access of stored data 
from a dynamic memory device consists of two 
discrete retrieval operations. The first of these 
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operations is the selection of the desired row of 
storage cells (1 of 64 rows of 64 cells in the 2 1 04 A) , 
sensing the data stored in each of the cells with 
sense amplifiers (64 sense amplifiers in the 2104A), 
arid restoring the sensed data hack into the cells 
since the readout is destructive. When this opera- 
tion is complete, the sensed data (64 bits) is avail- 
able at the output of the sense amphfiers. This 
operation may be c omp leted with only the row 
address and a clock (RAS with the 2104A) ]iavwg 
been supplied to the memory device, litis iSrst 
operation fulfills the refi-esh, r^uir^ment, cp %,& 
selected row since data has been restored in the 
ceBs on the row. 

The second operation consists of connecting the 
output of one of the sense amphfiers to the device 
data output via a multiplexer (64 to 1 in the 2 1 04 A) 
and latching the data into the output data latch. 
In essence, this is accessing data from the sense 
ampUfier outputs rather than from the data cells. 
This o perat ion requires a column address and a 
clock (CAS with the 2 1 04A). This second operation 
is the characteristic which makes page-mode opera- 
tion possible. Page-mode will be discussed in the 
Applications Information Section. 

The two access operations may occur in parallel 
as ip the 18-pin and 22-pin 4K RAMs or in a time 
sequential manner in a 1 6-pin 4K RAM such as the 
2104A. With proper design techniques such as used 
in the 2104A, the sequential mode of operation 
may be used, saving package pins and with no per- 
formance loss as compared to the parallel mode 
RAMs. 

In the parallel mode RAMs (such as the Intel® 
2107B) all address information is applied to the 
RAM at the same time and both access operations 
occur simultaneously. The cell data access is the 
slower of the two operations and is the limiting 
factor in device speed. The selection of the proper 
sense amplifier output for connection to the 
device output is completed prior to the time it is 
necessary. 

In the sequential mode 2104A RAM, cell data 
access is begun first by the latching in of the row 
address infor mation (6-bits for 1 of 64 row select) 
by the RAS. The access of data from the sense 
amplifier outputs is faster and thus may be started 
later without impacting overall access time [up to 
70 nanoseconds (tRCL(max)) later in the 2 1 04A-2] . 
The 6-bit, 1 of 64 sense amplifier data address 
(column address) is latched into the 2I04A-2 by 
the CAS. As long as the sense amplifier output data 
access is started prior to 70 nanoseconds into the 
memory cycle, the limiting access time is tRAC> 
the data cell access time plus the propagation time 
through the sense amplifier data select multiplexer. 



This access time is the same as the parallel i&ode 

access time would be. 

If the column address latching is delayed until later 
than 70 nanoseconds into the memory cycle, the 
limiting aipcess time will become the sense amplifier 
data access time. In this insta nce, t he access time 
will be tCAC (access time from CAS which includes 
the sense ampUfier. output data multiplexe r pro pa- 
gatio n time) plus tRCL actual (the actual RAS to 
CAS delay time). It is obvious that it is desirable to 
latch the column address into the 2104A-2 at or 
prior to the 70 nanosecond point in the memory 
cycle to preclude lengthening of data access time. 

In the 2104A-2, a 4 5 nan osecond window is pro- 
vided during which CAS may be switched while 
main taini ng device access time. In other words, 
the CAS leading edge may occur at any time 
between 25 and 70 nanoseconds following RAS 
and the access tim e wil l be t RAC- Timing accuracy 
required between RAS and CAS is thus reduced. 
The advantages of this timing "window" will be 
discussed in the Applications Iqft^pfttion Section. 

Clock Input Buffers 

The two device clocks, RAS and CAS, are TTL 
compatible, active4ow signals. The clock input 
buffers are inverters which convert the TTL levels 
to the MOS (12 volt) levels required within the 
2104A. The major design consideration for these 
buffers is speed since it is desirable to respond to 
the clock inputs as quickly as possible to obtain 
minimum data access. The speed is obtained by 
implementing the inverters with high gain (large 
geometry) devices operating at relatively high 
current levels. The inverter circuit is shown in 
Fi^ireS. 



0.7mA Co IS BOOTSTRAPPING CAPACITOR 
\ (TVPICAU 



Figure 3. Simplified CLOCK Input Buffer 



21 04 A 



The inv^eriiisea. a bootstrapped, Oi.7 jniUMalpeste 
(typical) load device. The bootstrapping is used to 
assure that the load device (Q2) is fully tumed-on 
so that the drain voltage of Ql reaches Vdd. With- 
out the bootstrapping, the ^aia of Ql w^vdd o^ 
reach VdD-Vt where Vj is the load device thres^ 
hold voltage. This would slow down the inverter 
operation and affect the response time to the 

d0Ck(s). : I, •■ 

The current requirement of the input buffer 
accounts for the difference in standby power levels 
between the 16-pin TTL clock devices and t he 18 
or 22-pin MOS clock devices. Whe n the RAS clock 
is inactive (high), the 2104A RAS buffer is on and 
the inverter load current (2.0mA maximum) is 
drawn from The Vqj-j supply yielding the 26.4mW 
maximum standby power specification. MOS clock 
devices (such as the Intel® 2107B) have inactive 
low clocks and no buffer is on during standby, 
yielding standby power specifications under 3mW 
maximum (leakage currents only). This standby 
power reduction at the memory device level is off- 
set at the system level by the larger power dissipa- 
tion levels of MOS level clock driver devices versus 
TTL level drivers. The 2104A TTL clock inputs are 
lower in capacitance than the MOS clock inputs (7 
picofarads versus 25 picofarads). At a given speed, 
this means a typical TTL driver can drive 32 2104A 
clock inputs wliile a typical MOS clock driver can 
drive only 10 2107B clock inputs. 

Address Buffer/Latdb 

The TTL-level compatible address bu^st^atch 
circuit is shown in Figure 4. This circuit senses the 
input TTL level, translates it to MOS signal levels, 
and latches the address infoijiiation. There ase two 
groups of six input bufferAatdies in Qie 2104A; 
one for the six row addresses and one for the six 
column addresses. The operation of each group of 
latches is the same except fof the dpek glials 
which control their function. 

The operation of the ad dress buf fer/l atch is as 
follows: During the clock (RAS or CAS) off time 
(tRp or tcp) both sides of the latch (Nodes A and 
B) are precharged to Vx (^10 volts) by devices 
Q7 and Q9. Device Qg is turned on during the 
precharge period to assure that the two nodes 
charge to the same potential. Internal signal 0p 
con trols the prech arge devices and is on while 
the RAS and CAS clocks are qftjat Vih). When 
the appropriate system clock (RAS or CAS) goes 
low (active), 0p turns off isolating the two pre- 
charged nodes and internal clock phase 0a turns 
on connecting the TTL address (Ain) to Node C 
(the gate of the input buffer device Q2 and capa- 
citor Ci). Clock phase 0A stays on for the address 
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stimd «n aUowing tile addftsK McA 
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Figure 4. Simplified Addres* Buffer/Latch Schematic 



Internal clock phase 0b turns on after a shght 
delay from phase 0a turning on. Phase 0s enables 
the bitfUil^t^ turalfli m k>ad' die^^'QS^; Qg, 
mi 1$iQ: mi& Mfef (Q2 and Q3) etwetm-M 
TTL 1^1 aSd#i^ Biput to MQS le««tei ^jjf m 
V0Q>,a9i4 4ri!ii«;^ Node A of the l^^ek- Tlie d^y 
between ^j/^,:SmA 0B is to allow the voltage at Node 
C to stabilize prior to enabling the buffer/latch. 

A TTL high level at the address input will force 
Node A to VsS- The cross-coupled latch devices 
(O4 and Q5) will then switch driving Node B to 
V|)L). Conversely, a TTL low level at the address 
input will force Node A to ~VdD '^"'^ Node B to 
VsS- Since the buffer/latch is isolated from the 
address input after tAHi the latched address will 
remain in the latch even though the TTL level at 
the address input may change due to the multi- 
^l^cMBf |he addi«s8es. 

Data Sensing 

A major contributor to the operating margins of 
the 2 1 04A is the use of two single-transistor storage 
cells per bit of storage. The effect of using two 
cells per bit rather than one is best understood by 
comparison of the data sensing function when used 
with Otoe and two cells per bit. 
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Figure 5 illustrates the commonly used sense 
amplifier and reference voltage scheme for single 
cell per bit 4K RAMs. The sense ampHfier in Figure 
5 senses data stored in a storage cell by comparing 
the voltage level in the storage cell capacitor to the 
voltage level in the cell capacitor of a "dummy" 
storage cell. The dummy cell capacitor contains a 
voltage which is less than the minimum high level 
and greater than the maximum low level which 
may be stored in the storage cell capacitor. The 
sense amplifier then senses the differential level 
between the storage and dummy cell capacitor 
voltages. The level stored in the dummy cell would 
ideally be equal to one-half the difference between 
a minimum written high and a maximum written 
low as this would yield a maximum differential 
across the sense amplifier duting Sensing. Unfor- 
tunately, leakage eurrents from the storage capa- 
citors degradelQie «iitten high levels toward the 
written low levels. This normally requires that the 
designer set the dummy storage cell level lower 
(closer to a low level than a high level) to compen- 
sate for leakage degradation of a stored high level. 
Although this "lower" reference level tends to 
compensate for a leakage degraded high level, it 
also makes it more difficult to sense a ground 
(VSS) noise degraded low level. Thus, designs 
with dummy reference cells must necessarily be a 
compromise in the maximum differentia] level 
betsreen the storage arid dummy cells and can 
never have a differential greater than one4ialf the 
difference between a high and low level. 

Jhe dummy cell technique is used (rather than 
steply developing a reference voltage level wMh a 
l^stive divider) because it contributes t& tbe 
©apacitive balance of the sense amplifier. 

The sense amplifer of Figure 5 will operate with 
maximum margins only when the capacitance seen 
by Node B is the same as the capacitance seen by 
Node A, i.e., the capacitances are equal or balanced. 
The capacitances of the left (BSLL) and right 
(BSLR) bit sense lines as well as the dummy cell 
and storage cell capacitances can be made approxi- 
mately equal by layout constraints. The effect of 



the 1/0 line connection to the right bit sense line is 
to add capacitance on the right bit sense line which 
is not offset or balanced by capacitance on the left 
bit sense line. The placement of the dummy cell on 
the bit sense line also contributes to capacitance 
imbalance since its location is not a mirror image 
of the accessed storage cell. The resistive effects of 
the bit sense line magnify the effect of this place- 
ment disparity during the data sensing process. The 
ideal situation would be a dummy cell mirroring 
the placement of the accessed data cell and a 
balancing capacitance to the 1/0 connection 
capacitance 

This is essentially the technique used in the Intel^ 
2104A. Instead of a dummy cell containing a refer- 
ence level of one-half a minimum high level, the 
2104A stores the full opposite data level in a 
mirror image storage cell physically located near 
the accessed storage cell as shown in Figure 6. Not 
only does this mean that the storage cell and 
"image" cell capacitance and location with respect 
to the sense ampUfier are equal, but the data level 
is now being sensed against the full opposite level 
rather than one-half of the minimum high level. 
Thus, the sense ampUfier is seeing the maximum 
possible diff^ntial signal during the sensing opera- 
tion. 

Also, aotioe in -Figmie 6, that there is an I/O con- 
nection to each bit sense line rather than only to 
one. The I/O capacitance contribution to the bit 
sense line capacitance is therefore equal, contri- 
buting again to the overall balance of the sense 
amplifier. .' ■ 

The 2T04A sense amplifier sees essentially equal 
capacitances at nodes A and B and this contributes 
greatly to the margins of the sensing operation. 
This balance of the sense amplifier and the sensing 
of data against a reference of a full opposite level 
allows the cell capacitors to be a smaller value than 
with the dummy cell approach (for equal margins) 
and allows 8192 cells to occupy only slightly more 
chip area than 4096 cells previously occupied in 
the Intel® 2104. 




FigfiM S. Old pttniiny Call Data Sensing Tachnique 
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* lEach storage 'lo^ovi'icaii«»^s Of tv^ 
cells. Each cell is formed bv siTKifs 
■transistor mA smSS" C^KMor «■ 

StlOWfl. 

locafioi^as bo^ a hl^-aml a'tott an 
eadi.Qf the taro je^pq^twdara cells. 



fure 6. 2104A image Cell Data Sensing" 




Data Sense Amplifier < • 

The data sense amplifier of the 2104A is a cross- 
coupled static latch as shown in Figure 7. The state 




Figure 7. Simplified^ Dafe» Sense A()i^pM$#MWi« 



the latch assumes during sensing of the stored data 
depends upon the differential voltage between 
nodes A and B. If the voltage on node A is higher 
than the voltage on node B, transistor Q2 will turn 
on switching node B and the gate of"tra:^s[storQi 
to Vss turning transistor Qi off. Conversfciy; if the 
voltage on node B is higher than the voltage on 
node A, transistor Qi will turn on while transistor 
Q2 will be turned off. Devices Q4 and Q5 act as 
loads for the switching transistors Qi and Q2, 
respectively. Additional transistors (Q6 through 
QlO) shown in the circuit diagram of Figure 7 
serve to precharge nodes A and B to ~Vd£) in pre- 
paration for the next memory cycle. This pre- 
charging assures that the sense amplifier and bit 
sense Unes begin each memory cycle in the same 
known condition or state with no "history" or 
"memory" of data from previous cycles eliminating 
data pattern effects on the sensing function. Note 
that the 2104A has precharge transistors connected 
to both ends of the bit sense lines to speed up the 
precharging of the lines and sense amphfier. This 
increases the timing margin of the clock off time 
(tRP) and enables the 2 1 04A to run short memory 
cycles without degradation of the precharge func- 
tiwi. The "folded", close proximity bit sense lines 
slt0!wn in Figure 6 and transistor Qg of Figure 7 
assure that the precharge level of each pair of bit 
sense lines and the associated sense amphfier nodes 
reach the sStme precharge level contributing to the 
balance of thfe sensinfe function. r ;i 
Ttansistor Q3 in Figure 7 turns the sense amphfier 
on by completing the current path to Vss when 
the row address bits have %esn deeo4ed and the 
desired row of storage cells selected. The gated 
shutoff circuit controls transistors Qn and Q12 
to reduce the power dissipation of the sense ampli- 
fier following the sensing of the stored data. The 
shutoff circuitry senses the levels on Nodes A and 
B and turns off the load current to the switching 
transistor (Q] or Q2) which is turned on to VsS- 
This reduces the \dq current drawn by the sense 
amplifier and contributes to the low power dissi- 
pation of the 2 1 04A. 
Output Data Latch/Driver 

A simphfied schematic of the 2104A output data 
latch/ driver is shown in Figure 8. Tbfi tJ^«|.e>^^T 
tional states for the output driver are: ' . 

1) "1" output (Qi on and Q2 off) 

2) "0" output (Qi off and Q2 on) 

3i -PptSnoutput(QiiandQ2off) 1 O - .-1 1 
Dewees- -Qi ' and are lafge geometry devices 
wWcfa allQ*) 1^ output 'Of the 21G4A' t6 source 
and sinfe -iaieiiielifttT^e^ Isa^e current levels "associa- 
ted with 'TTt' taterfaVses". Devices Q3 fliftu^ Qe 
control the output driver stage in conjunction with 
the data latch. 



3-S 



21 04 A 



Table I. Operational States of Oqd 




•on "ss "ss 



Figure 8. 2104A Output Oata Latch and Buffer r 



The inputs to the latch are data from the selected 
cell and a clock phase (0ACC) which is related to 
access time from the cell matrix^ At the proper time 
after the memory cycle starts, 0ACC will go high, 
^fsking the data Jrom the selected cell into the 
%^h, Thci Q and Q outpute of the latch then drive 
gates <rf devices Qi and Q2 oehtrolling the out- 
fwrt level. The accessed data will remain in the latch 
tetU the next cycle when new data will be clocked 
Ifetoi the latch. During a write cycle, flie data input 
lAt&e latdbb is the data on the I/O lines which is the 
^ta to bei written into the selected cells. The data 
latch will, therefore, contain the input data follow- 
ing a write cycle. The first two of the three possible 
output data states are, therefore, related to the 
data level stored in the latch. 

The third or open-circuited state occurs when 
devices Q] and Q2 are both off (gates at Vgs)- 
Internal signal 0OD tums on devices Q3 and Q4 
connecting the gates of devices Qi and Q2 respec- 
tively to Vss from shortly after the CAS input 
switches low until data access time. This signal 
forces the data outp ut to the open-circuited condi- 
tion following CAS in every memory cycle guaran- 
tying that no two OR-tied data outputs in a 
system will be on at the same time. 

The control clock phase 0OD is a logic function of 
CA S and CS. Table I lists the various combinations 
of CAS and CS and the corresponding states of 
0OD- 

Devices Q5 and Qe in Figure 8 are simply series 
switches which isolate the Q and Q outputs of the 
data latch from output devices Q] and Q2 until the 
latch data has stablized. Q5 and Qg are controlled 
by the inverse of 0OD so that the latch is isolated 
Ql and Q2 when the, of Ql and Q2 are 
connected to VsS- 



RAS CAS CS 0OD COMMENTS 

LOW LOW HIGH HIGH Device Deselected by 

CS (D0UT= Hl-Z) 

LOW LOW LOW LOW Device Selected by 

CS (DoUT = Data) 
HIGH LOW HIGH Devi ce Deselected by 

^^'^ CAS (D0UT=HI-Z) 



APPLICATIONS INFORMATION 
Addresteg 

The 2104A RAM combines the advantages of a 
very high speed RAM with the high packing density 
of the industry standard 16 pin dual-in-line pack- 
age. The use of the 16 pin package is made possible 
by multiplexing the 1 2 address inputs (required to 
access 4096 words) on 6 external address pins. 
Two externally appli ed negative going clocks, Row 
Addr ess Select (RAS), and Column Address Select 
(CAS), are used to strobe the two sets of 6 address 
bits into the inte rnal address buffer registers. The 
first clock, RAS, strobes in the six low order 
address bits (A0-A5 ) wh ich select one of 64 rows. 
The second clock, CAS, strobes in the six high 
order address bits (Ag-Al l) which select one of 64 
columns and Chip Select (CS). 

Note that CS and WE d o not have to be valid until 
the second clock, CAS. It is, therefore, possible to 
start a memory cycle before it is known which 
device must be selected or what type of cycle is 
to be performed. This can result in a significant 
improvement in system access time since the 
decode time for chip selection does not enter into 
the calculation for access time. 

Read Cycle 

A memory cycle begins with addresses stable and 
a negative transition of RAS. The data-out pin of 
the selected device will unconditionally go to a 
high impedance sta te immediately following the 
leading edge of CAS and remain in this state until 
valid data appears at the output (refer to the Data 
Output Operation Section). The selected output 
data is interna lly la tched and will remain valid until 
a subsequent CAS is given to the device by a Read, 
Write, Read-Modify-Write or Refresh cycle. Data- 
out goes to a high impedance state fo r all non- 
selected devices (CS high) that receive RAS and 
CiS.' 

Device access time, tACC. is the longer of two cal- 
culated intervals: 

1) tACC = tRAC ' 

OR 

2) tACC = tRCL + tT + tCAC 



mm A 



Acces s ttm e fmm RAS, tRAC, aJid acc^ tme 

from CAS, tCAG divtee f SfajHefefS. Row to 

column address strobe lead time, tRCL. and transi- 
tion time, tx, are system dependent timing para- 
meters. 

Substituting the device parameters for t^ie 2,104Ari' 
mi assiUB:!^ a TTL level transition ^mit M 'St>& '. ] 
yields.: ' ^ ^ . i 

3) tAC£:'tiAe='3B61)S f<>rtRCL + tT<70;nt ' 

OR i ' 

4) tACC = tRCL + tT + tCAC = tRCL + ' 
1 30ns for tRCL + tT > 70ns 

Note that if tRCL + tj < tRCLmax> device access 
time is determined by equation 3 and is equal to 
tRAC- If tRCL + tT > tRCLmax, access time 
is determined by equation 4. A 45ns interval 
(tRCLmax - tRCLmin) in which the falling edge of 
CAS can occur without affecting the access time is 
provided to a llow for system timing skew in the 
generation of CAS. This "designedin" skew window 
at the device level allows minimum access times to 
fee achieved in practical system desighs. 

Note that both the RAS and CAS clocks are TTL 
compatible and do not require external level shift- 
ing to high voltage MOS levels. Interna! buffers in 
the 2 1 04A convert the TTL level signals to MOS 
levels inside the device. Therefore, the delay asso- 
ciated with external TTL-MOS level converters is 
]aot addbsd to tte Sd<iM i^isMi access time. i 

Write Cycle 

A Write Cycle is performed by bring ing Write 
Enable (WE) low before or du ring CAS. If Write 
Enable goes low at or before CAS go es lo w, the 
input data must be vahd at or before the CAS falling 
edge. If Write Enable goes low after CAS, Data In 
must be valid at or before the fallin g edge of WE. 
If Write Enable is low before CAS goes low, the 
data-out buffer will contain the written data at 
access time . However, if Write Enable goes low 
while CAS is low, a read operation may also be 
performed and data-out will go either high or low 
depending on the state of the accessed cell before 
the write takes place (refer , to the Data Output 
Opeipation.iSegilwftjfer. ■ f i , - .r:--,-,, , 

Refresh 

Each of the 64 rows internal to the 2104A must be 
refreshed every 2 msec to maintain data. Any data 
cycle (Read, Write, Read-Modify-Write) refreshes 
the entire selected row (defined by the 6-bit row 
address). Thejrefresh operation is independent of 
the state of- CS^ It is evident, of course, that if a 
Write or Read-Modify^Write' cycle is use4 to refresh 
a row, the device should be deselected (CS hi^) if 



it is desir^'SRtf<te--6hainge'^he'st^ fef<t!fe sSltatefl 
cell. RAS-oaly-eyeles-may-also-be-ttsed-te-tefee^ 
the 2104A at a savings in power dissipation ov^r 
data cycles. 



Page Mode Operation ' 

Page mode operation with the 2104A allows faster 
successive memory data operations at the 64 column 
locat ions in a single address row. Receipt of a 
RAS and a 6-bit row address byte causes the RAM 
to access the 64 data cells on the addressed row. 

At access time ali '64-3313 'bits are av ailab le at the 
sense- ampMfief -output s -as -long -as RAS is held 
ac1ive,-&y tiding- th« CAS clock -and -addressing 
the dejired data bit with the ^-bit column address 
hyt6'-tt'^'^at^^\fs°&ily Ve brou^ht'to the data 
output of ftfcf device. Data access and cycle time in 
this mode, called page mode, is faster than normal 
data cycles. Page mode is an excellent way to 
transfer blbtte of data' to artd fltim nfffftiory at 
high speed, but it is impacted by refreshing. 

The refresh requirements of the device limits the 
number of consecutive page mode cycles that may 
be performed. The device may remain in the page 
mode for a period no longer than the time required 
between refresh cycles. As an example, recall that 
the distributed refresh mode requires a refresh 
cycle every 31 microseconds. RAS may then 
remain low (active) for 3 1 microseconds maximum 
before it must be cycled high to precharge and 
then perform a refresh cycle. System page mode 
cycle times of 485 nanoseconds or less will enable 
all 64 data bits in the selected row to be examined 

*e 



or written between refre^ c 
usefulness of page mode. 

Power Dissipation/Operating 

The power dissipation of a continuously operating 
2104A device is the sum of Vdd x Idd and 
VgB X IflB- For a. cycle time of 320 ns (including 
a tRp oFW^i^'ftw '^f^ie# power dis^ofejo of 
the 2104A-1 is 289 mW. 

Standby Power-Refresh Only 

The standby power-refresh only is calculated by 
the following equation : 

1); PHEF 1.P(» .(64§§J + PSB[l-(645-||§)] 
Where: 



PREF = Standby power-refresh only. 

Pop = Power dissipation-continuous ppejratic^ , 

tCYC = Refresh cycle time. 

tREF = Refresh period. . , , . . , 

Psi ^ Sta»4fey power dissipatiojEi. i • . •; , 
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Tabisll. 2104A Family Currant Spactfications 



Symbol 


Parameter 


Limits 


Units 


Comments 


Typ 


Max 


'DDI 


Vdd Standby Current 


0.7 


2.0 


mA 


Vdd = 13.2 Volts 


lDD2 


Vdd Oata Cycle Operating Current 


24 


35 


mA 


2104A-1 tcYC = 320 ns 






22 


32 


mA 


2104A-2 tcYC = 320 ns 






20 


30 


mA 


2104A-3,-4 tcYC = 375 ns 


IDD3 


Vdd RAS-Only Cycle Operating Current 


12 


25 


mA 


21 04A-1 ,-2 tcYC = 320 ns 






10 


22 


mA 


2 1 04Ar3,-4 tcYC = 375 ns 


lBB1 


Vbb Standby Current 


5 


50 


M 




IBB2 


VgB Operating Current 


160 


400 


MA 


Minimum Cycle Time 



The standby power dissipation PsB is given by: 

2) PSB = VddxIdDI +VbBxIbB1 
The operating power Pqp is given by: 

3) Pop = Vdd x idd2 + vbb x ibb2 

for read and write data cycles or by: 

4) Pop = Vdd x idds + vbb x Ibb2 

for RAS-only refresh cycles. 

Table II lists the pertinent current values for the 
f f 04A family of devices. 

Calculating the standby-refresh only power dissi- 
pation for the 2104A-1 using equations 1 through 
4 above and the data from Table n yields: 

.a>.; For RAS-only Refresh: 

!;„ , PREF = 330mW (0.01) + 26.7mW 0.99) = 
29.7mW maidunum 

b) For Read or Write Cycle Refresh : 

PREF = 462mW (0.0 1 ) + 26.7mW (0.99) = 
3 1 -OmW maximum 

lat Vdd ~ 13.2 volts, Vbb ~ -5.5 volts and 
r ' ,iy|e specified maximum current levels , 

Data Output Operation 

The ope ratio n of the output data latch is controlled 
by the CAS clock. Figure 9 indicates the content 
of the data latch following access time during 
various types of 2104A memory cycles. Table III 
summarizes the inii^igaticln oSo dkti.^^^tisnt 
shown in Figure 9. 

POWER DISTRIBUTION/DECOUPLING 
General 

TyitiGal Idd and IfiB current waveforms for ttie 
2104A are shown in Figure 10. Examination of 
these waveforms shows that transient current 
drawn from the memory circuit board power distri- 



Table III. Data Latch Content at End of Cycle 



Type of Cyde 


Data Latch Contant (Dqut) 


Read Cycle 


Data from AddressMl Memory 




Cell 


Write Cycle 


Input Data (D|n) 


RAS-Only Cycle 


Data from Previous Cycle or 




Hl-Z if Device was Deselected 




in Previous Cycle 


CAS-Only Cycle 


Hl-Z (CAS-Only Deselects Device 




and Turns Output Buffer Off) 


R-M-W Cycle 


Data Read from Addressed 




Memory Cell During Read 




Portion of Cycle 


Page Mode Read 


Data from Addresssed Memory 


and Entry Cycle 


Cell 


Page Mode Read 


Data from Addressed Memory 


Cycle 


Cell 


Page Mode Write 


Input Data (Dim) 


Cycle (or Page 




Mode Write and 




Exit Cycle) 





bution Syste m i s a f unction of the two device 
clocks, RAS and CAS. The peak amplitude of the 
Vdd current tran^ents is approximately 60 milU- 
amperes with rise and fall times in the 5 to 10 
nanosecond range and widths of typically 20 nano- 
seconds. Rise and fall times of this magnitude 
generate significant harmonic noise components in 
the 10 MHz and above frequency region. The 
power distribution/decoupUng techniques used to 
suppress these noise components must be effective 
at these higher frequencies. The series inductance of 
the circuit board traces and the decoupling capaci- 
tors must be minimized to reduce time constant 
response effects of the distribution/decoupling 
system. 
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Figure 9. Operation of Data Output (Dggj) 



Printed Circuit Board Trace Characteristics 

Figure 11 shows the nominal lumped constant 
equisralent circuit of one-inch of 10 mil wide 
2-ounce cop^r trace en a typibal double sided 
prinied •ci^cui^ bdard wittf traces dn both surfaces. 
The effeet of the series resistance Rg is very small 
when compared to the series inductance Lg and can 
be igncoed in practice. The series resistance is also 
no»!9*«!tlv8 tod" ' ftr tet>edance is'^ not frequency 
dependent. The following discussions will, there- 
fore, not consider the minimal effects of Rg. 



as 



CM-ONLY 5S50NLY 
(DEVICE (DEVICE 
imEVtoysLY ,'PREVfOUSLY 



S^Lp^ra)^^ .UHSEUS6I.ED1 



DecQvipMt>g.C^»<9toir Cbaracteii$>tics. 

Caimeit^rs .u^ ;to- deccmple" noise are .not ideal 
devises- andi< 'therefore, exhibit iiiductive siA Km- 
tive effeels.. 'Figure 4'2-sbows the lumped constant 
equivalentfctrcuit . of. a capacitor. The siuurt -resis- 
tancef RSH is a very high value (>iO M£2)i in capa- 
citors of modem design and has minimal effects on 
the capacitor function. Therefore, the effect of 
RSIl will not be considered in the analysis of the 
decoupling capabilities of the capacitor. 

The series inductance Ls in small disc ceramic and 
monolithic ceramic capacitors consists of lead 
inductance and is approximately 1 OnH/inch. 




^ 4 md^H Mf lNeH 
= 10iTH/li*GH 



Figure 11. Lumped Constant Trace Equivalent Circuit 
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>^SH Varies Willi Consltuclion 
>■ of Capacitor. 



Figure 10. Typical Stipply Current WayefornM 



PijSura 12. Lumped Constant Capaeitqr Eguivalerit Circuit 
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The series inductance in bulk capacitors sucli as 
tantalum and aluminum electrolytics is much larger 
due to the construction of the capacitors. The 
internal series inductance of the electrolytic units 
varies widely with capacitance value, physical size, 
and construction type and is generally much greater 
than the lead inductance. For this reason, the 
effectiveness of electrolytic type capacitors as 
decoupling components for noise frequencies 
above 10 MHz is minimal. Tlieir use in tlie power 
distribution/decoupling network is to provide a 
bulk power storage element located on the 
memory array board. This placement eliminates 
the inductive effects of the system backplane 
wiring on the power distribution to the memory 
array board. 

Power Distribution System Characteristics 

Now that models for the printed circuit board 
traces and decoupling capacitors have been genera- 
ted, various power distribution/decoupling schemes 
can be compared for effectiveness in minimizing 
power supply noise levds/ ''tUS'' 

Figure 13 shows a Vdd decoupling technique 
often used with dynamic RAMs. Total lead length 
external to the 0.1 /iF decoupling capacitor is 
approximately 1-inch. Add to that the 0.5 inch 
internal lead length of a typical disc ceramic capa- 
citor and the lead length in series with the capacitor 
is 1.5 inches. This equates to a series inductance of 
(1.5 inches) (lOnH/inch) = 15 nH. The impedance 
of Ls as a function of frequency is shown in Figure 
14. When a current pulse occurs, current is drawn 
from the capacitor through the series inductance 
Ls. 



Let's use Figures 14 and 15 as a hypotiietical 
example and calculate the approximate noise 
generated by the leading edge of a 60 milliampere 
current pulse with a fast rise time. For simplicity, 
only the hypothetical components at 25, 50, 75, 
and 100 MHz will be included in the calculations. 
Also, the supply voltage will be assumed to be con- 
stant so that the vertical axis of Figure 1 5 represents 
current, I, as a percentage of total. 




FREOUENCY (MH/I 



Figure 14. Impedance of Lg Versus Frequency 



ENERGY 

coryTENT 

(■■..) ^0 - 



3-^ 



Figure 13. Cofflmonty ^MtfiiBipaeitor Connection on V, 



DD 



The impedance of the capacitor varies from 64 
miUiohms at 25 MHz to 16 milliohms at 100 MHz 
and is very small compared to the lead and trace 
impedance. Most of the impedance the current sees 
is in the inductance Lj and this is the impedance 
component of most concern to the system designer. 

Fortunately, the energy spectrum of the current 
pulse is similar to that shown in Figure 15 which 
indicates that most of the energy is contained in 
the lower frequency components of the pulse. 



Figure 15. Hypothetical Energy Spectrum of Current Pulse 
Vnoise = (Z25) (l25) + (Z50) (l50) + (Z75) (l75) + 

(Zioo)nioo) 

= (2.36) (35xlO"3) + (4.71) (22xlO"3) + 
(7.06) (15 X 10-3) + (9.4) (10x10-3) 
= 0.386 volts 
In other words, the voltage between the Vdd and 
Vss pins on the memory device would drop by 
nearly 0.4 volt when the current pulse occurred. 
Considering all the current components would pre- 
dictably increase this to 0.5 volt or more. Add to 
this the noise coupled into this LC circuit from the 
other similar circuits in the memory array and it 
becomes apparent that this memory device may see 
Vdd noise levels approaching 1.0 volt. While the 
device may operate with that noise level, opera- 
tional margins of the device may well be reduced. 
Every practical effort should be made by the 
designer to reduce the overall noise level to 0.5 
volts peak-to-peak or less. 



One way this can be accomplished is by simply 
reducing the inductance in the circuit. Figure 16 
shows a way to reduce the inductance. The equiva- 
lent inductance of the two traces from pin K to 
the eaipaj^tor is the parallel combination of the two 
paths ^ce: 



5hH 



T _ ^1^2^ 1 (10nH)(10nH) 
^ Lpjr 20nH 

Add that to *t»e ^uctafice of the capacitor lead 
length and thf 0.2f'inch trace from the capacitor 
to pin 8 of flie device. The total inductance is 
then: 

Ls = 5nH + (0.75 inch) (lOnH/inch) 
= 12.5nH 
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Figure 16. Reduction of Inductance by Paralleling Traces 

The impedance of this inductance at 25 MHz and 
100 MHz is 2.0-ohms and 7.8-ohms respectively. 
This compares to 2.4-ohms and 9.4-ohms for the 
original circuit at those frequencies and is a reducr 
tion in impedance of almost 1 7%. 




mmm. 

Additional reductions can be achieved by addition 
of more parallel traces or wider, lower inductance 
traces. Neither of these approaches is really practi- 
cal, however, since board space is generally at a 
premium. A more practical, equally effective 
method of inductance reductiqin is the use of "grid- 
ded" power distribution. This involves bussing each 
power supply distribution network both horiaon- 
tally and vertically on the circuit board. An example 
of this type of distribution for Vpo and Vgs is 
shovm in Figure 17 for a matrix of six devices on. a 
double sided printed circuit board. Consider the" 
path of the current drawn by device B in Figure 1 7. 

As indicated, in addition to the primary path Pb, 
there are no less than six other secondary, parallel 
paths (Pbi through Pb6) due to the gridding of the 
VSS supply distribution system. Each of these 
secondary paths or traces is in parallel with the pri- 
mary trace reducing the equivalent inductance of 
the current path between pin 16 and pin 8 of 
device- B. Similar parallel paths exist for all the 
•devices in the matrix. 

Use of such a gridded power distribution network 
is recommended for all dynamic RAM systems due 
to the characteristics of the device current wave- 
forms. Experience has shown the gridded distribu- 
tion system to equal the performance of the more 
expensive multi-layer printed circuit bOir4 -isi^ 
internal power layers. 

Additional power su^pjy distribution ti>^^ .may 
be added to the layout example of Figure 1 7 with 
only slightly greater side-to-side and end-to-end 
spaciTig between adjacent devices. It is recommen- 
did that Vdd> Vbb. and VsS distribution systems 
be gridded. Figure . 18 shows a recdmi^ided 
double-sided layout for 16-pin 4K and 16K^AMs. 
Vcc may be gridded - but it is generally asinioient 
to distribute Vcc in one direction only since the 
2104A itself does not draw power from the VcC 
supply but only uses it to supply input levels to 
the peripheral TTL devices connected to the Dqut 
pin (refer to the Device Circuit Operation Section). 
Alternate power distribution layout techniques 
may be used with dynamic RAMs and some will 
show comparable results to the gridded system 
depending on memory array size, the number and 
placement of the decoupling capacitors, and the 
number of memory devices which are active in any 
given cycle. The gridded system has been proven in 
many production systems, however, and its use will 
result in predictable, workable power supply noise 
characteritistics. One commonly used distribution 
system is illustrated in Figure 19. This technique 
should definitely not be considered for use with 
dynamic RAMs simply due to the length of the 
current path between the Ydd and VgS pins of 
any device in the matrix. As an example, device B 
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DECOUPLING CAPACITORS 
D - 0.1 mP to Vdd to VsS 
B - 0.1 (jF Vbb to Vss 

c = 0.01 mf vcc to Vss 
Figure 18. Recommended Two-Sided Board Layout for 2104A 



in Figure 19 has an unnecessarily long and, there- 
fore, high inductance current path between its 
Vdd 3nd Vss pins. Compounding the problem. 




Or 



-JfT ft — J rffl — IS 

o— I ^ I— -trr~ri---|; ^ 4 — r~n- 




Figura 19. Unacceptable Power Distribution System 



it shares most of that current path with device C 
and all of it with device A. The magnitude of the 
noise between the Vdd Vss pins of device B 
is greatly dependent upon the noise generated by 
the other adjacent devices. This sytem is unaccep- 
table at best and is to be avoided. Unfortunately, 
this is the power distribution scheme found on 
many of the "prototyping" printed circuit boards 
available on the market. Examine your prototyp- 
ing boards carefully and avoid the use of this type 
for the memory array or add wiring to the board to 
grid the supplies. 

Recommended Decoupling Values 

The decoupUng capacitors used in the memory 
array should be types which exhibit good high 
frequency characteristics as discussed earlier. It is 
recommended that a 0.1 juF ceramic capacitor be 
coimected between Vdd and Vss at every other 
device in the memory array. It is also recommended 
that a 0. 1/iF ceramic capacitor be connected 
between Vbb and Vss at every other device in the 
array, preferably the alternate devices to the Vdd 
decoupling. Smaller capacitor values such as O.Ol/uF 
may be substituted but noise levels will increase 
with any given distribution scheme due to the 
higher capacitive impedance. Empirical compara- 
tive data should be taken and decoupling efficiency 
considered with the distribution system being used 
before the smaller capacitors are used. The small 
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cost difference between 0.1/tF and 0.01;uF capaci- 
tois may be negated by (degradation of system 
ndse nuogins. 

A O.OljLiF ceramic capacitor is recommended 
between Vcc and \^SS for approximately each 
eight devices in the memory array to prevent noise 
coupled to the Vcc line in the memory array from 
affecting the periphenil TTL logic in the system. 

In addition to the ceramic capacitors in the 
memcny amy, it is recommended that a lOfiF 
tantalimi ot eqinraltat capacitor be ccAaected 
between Vof) aAd \ms adjacent to tbt amy for 
eadi 16 memory denbes in the army. An equal or 
sligbUy simril« value pd|k capacitor is idso recmn- 
and Vss for ^ch 32 memory 
biUk capadtors elimin- 
id restive effects of the 
e wiring ccmnecting the 



mended betwem Vj^l 
devices ooi fke mnsy 
ate flw induct 
memory systmn bai 
memory array boards to the system power supplies. 



IBB Characteristics 

The high performance of the 2104A results from 
advanced design and processing techniques developed 



by Intel. These^tech 
charactaistiGS ia ^ ! 
pievioiait Intet 4X. 
have litfle effect cm 1 
menti of a typical sfi 



gues yield lightly different 
parameter than irith the 
aic RAMs. These changes 
! Vbb power supply require- 
em but they do lequiie that 
IBB ^ M^ediied in a ^iffierent manner and for tiiis 
reas^, Ibb will be discussed here in detail for 
clarification. 

In a typical MOSFET integrated circuit the current 
from the Vbb (substirate) supply when the device 
is turned off is essentially the leakage from the 
source and drain diffusions into the substrate. This 
leakage current is in tiie nanoampere range for each 
individual MOS trans:stor but when multiplied by 
the 6000 or so transistors in a typical 4K RAM, the 
total leakage is typically 50 to 60 microamperes. 
When the device tum;> on and current is conducted 
between the drain and source, charge carriers flow 
between the drain and source through the gate 
voltage induced channel between the two terminals. 
As the carriers move through the region of high 
electric field close to the drain, they generate addi- 
tional carriers by impact ionization. Most of these 
carriers join the initial carriers and move between 
the source and drain terminals due to the influence 
of the electric field created by the potential differ- 
ence between the source and gate terminals. Some 
of these carriers however, are accelerated through 
the boundaries of the channel into the substrate and 
add to the leakage currents from the drain and 
source diffusions. This in<aeases the Igs current 
sUghfly during the tygae the device is operational. 
The number of titeselad^tional carriers is relative- 



ly low in typical 4K RAM and results only in a 1 5 
to 20 tiA increase i n Ib b during the time the device 
clocks (RAS and CAS) are active. This is because 
the energy, i.e. speed, of the carriers in the channel 
is not high enough to generate many additional 
carriers via impact ionization. The 2104 Igg speci- 
fication was 1 00//A maximum. 

In the 2104A, shallow diffusions are us^ far the 
source and drain and thin gate oxide is used for 

speed/performance reasons. This results in much 
higher energy, i.e., faster, carriers in the channel 
due to the high electric field in the channel. These 
higher energy carriers are capable of generating 
more carriers than in previous 4K RAMs. The 
increase in IgB during this action is significant, 
typically lOOpA or more. Importantly, however, 
this increase is only during the time the clocks 
are active. 

As a result of this difference in Ibb during inactive 
(standby) and active conditions of the clock, the 
2104A has two Ibb specifications. IbbI is the Ibb 
current during standby and lBB2 is the Ibb current 
during a memory device cycle. Interestingly 
enough, the standby Ibb current for the 2104Ais 
lower than for the earlier 2 1 04 due mostly to pro- 
cessing and design improvements. Due to these 
same improvements, however, the operating Ibb 
specification, IbB2> is typically 160mA (400ftA 
maximum). 

What does this higher Ibb during operation n^n 
in a typical 16K by 8^t system? ^sun^ga S0% 
duty cyde dtie to data and re&e^ cydes and a 
cycle thne of SMnsec, the average IbB P^ device 
during any 2 msec refresh period will be: 



(lBB2max) (Imsec) 
''BBavg ~ 1— + 



2msec 
OBBI max) 



2msec 



22SmA max 



and typically: 



(160x10"^) (lxl0~3) 



iBBav^typ) 2x10^3 

(5x10-6) (1x10-3) 
2x10-3 



= 83iuA typ. 



Variations in duty cycle win decrease or in<sease 
these values but most systems will experience Ibb 
values not much different than with other 16-pin 
4K R^s. In the 1 6K X 8-bit system example, tiie 
total iBBavg will be no greater than 7.2 milliampnes. 



3-13 



A 



2107B 



Contents 



Memory System Design 
with the Intel^ 2107B 



INTRODUCTION 4-1 



INTERNAL DEVICE OPERATION 4-1 

Storage Cell Operation 4-2 

4K RAI\/I Data Sense/Latch..... ..4-3 

Address Buffer/Latch. 4-3 

Jim Oliphant Output Driver 4-4 

. Application Engineering 2107B Bit Map 44 

^ ' 2107B SPECIFICATION 44 

Timing 4-6 

Transient Currents 4-6 

SYSTEM CONSIDERATIONS 4-9 

MOS Level Drivers 4-9 

3235 MOS Level Driver 4-10 

3210 MOS Level Driver 4-12 

Low Voltage Driver/Buffers 4-13 

TTL Drivers 4-14 

Other Low Voltage Driver/Buifers 4-16 

Output Sensing 4-17 

System Timing and Control 4-17 

Memory Array Layout 4-21 

Decoupling 4-22 

Debugging A Memory System .......... 4-23 

Power Calculations 4-25 

Device Power 4.25 

System Power 4-26 

Power Supply Sequencing 4.25 

ACKNOWLEDGMENT 4.25 



!| 

i 



44 



2107B 




Photomicragraph of tlM 40S6 Wonl X 1 bit 2107B Dyminie RAM 



2107B 



INTRODUCTION 

The Intel' 2107B is a 4096 word by 1 bit dynamic 
random access memory. The 2107B is fabricated 
using Intel's standard reliability proven n-channel 
silicon gate MOS technology. The device is pack- 
aged in a standard 22'pin DIP. The pin configura- 
tion and logic symbol are shown in Figure 1. Note 
t}at th^ 2107B can be used as a replacement for 
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Figure 1. 2107B Logic Symbol and Pin Configuration 
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is, veiijf -i&^-^SSftti 
in lafge vdluflie. lit ttddition, the dtMbinafion >of 
process and device design has resulted in a very 
small device (see Figure 2) using conservative lay- 
out rules (same as 2 102 A). The small size offers 
advantages in both large volume production and 
increased reliability. The 21 07 B operates with three 
power supplies relative to ground; Vpp (+12V), 
Vbb (-5V), and V^c (+5V). The Vcc (+5V) sup- 
ply is connected only to the output buffer of the 
2107B and may b^ tuflled off during power down 
operations. 
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1i* tIfl'B has one MOS level clock (Chip Enable) 
wifi' atf fother inputs being low level TTL compati- 
t** ff^-W ¥m minimum): Tht oatpit "ii "<ja^able 
rfUM^A^i'TO.load. ' - ! - . 

The purpose of this chapter is to describe the in- 
ternal operation of the 2107B, outUne those areas 
in system implementation to which the designer 
should pay particular attention and to discuss typi- 
cal exarhples of the uses of the 2107B in systems 
environment. The chapter is arranged so that each 
of the above sections can be read ihdeperidently of 
each other without having to go througlt ^W($' 'un- 
wanted detail in the other sections. 

INTERNAL DEVICE OPERATION 

Internal operation of the 2107B is most easily 
understood with the aid of the block diagram 
Sbfwn in Figure 3. As is shown in this figure, the 
memory array is arranged in a 64 row X 64 column 
matrix of storage cells. The storage cells are imple- 
mented with a single transistor, and a "storage'' 
capadtor and are called single transistor cells. The 
operrftiSifi'&f the Storage ceil will discussed later. 
Ute MB^<a«jf ceW Is accessed by tiie crfncidence of 
a- Ww'*dtei3t i&iSned 'by -addresses Ao-^As ) and a 
cdlUmn sWeet' (-defined by-addresses Ae-An) sigJ 
nil af'lthe'd^red address.' 'An' on chip timing and 
confrb'l generatdr provides for the iritlemal timing 
signals for decoding, read/write ^trobitiB, data 
gating and output gating. All of the timW^ drcuits 
in the 2107B are activated .by the positive-going 
edge of chip enable. 

Chip select controls the data I/O gating circuits 
internal to the 2107B. When chip select is high the 
output data buffer is in a high iimpi^aJice state and 
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Figure 2. 2107B Corrjparativa Die Size 
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the jSlSB^HUfeuffer is electrically isolated from the 
data-in input pin. Since chip select controls only 
the internal data buffers and not the timing genera- 
tors or address buffers internal to the 2107B, it is 
possible to refresh the 2107B with chip select high 
by initiating a read/re fresli or write cycle. 

The address buffer registers consist of latches acti- 
vated at the leading edge of chip enable. Since the 
addresses are latched shortly after chip enable goes 
high, it is permissible to change the address long 
before the memory cycle is conjpleted to set up 
for the next cycle. 

The write enable input activates the data-in buffer 
gating data to the selected memory cell. Input data 
must be valid at the time write enable goes low to 
assure that the proper data is written into memory. 

Circuit implementation and operation of each of 
the major input/output and storage portions are 
discussed below. 

Storage Cell Operation 

The storage cell used in the 2107B is implemented 
with a single transistor and storage capacitor as 
shown in Figure 4. From this figure it is shown 
that a charge on a storage cell is gated to the bit 
sense line by the MOS device connected to the col- 
umn select line. (Note that for a given column 
select, 64 storage devices are gated to the respective 
64 bit sense lines.) 

Conner first a read operation and the case where 
the storage capacitor Cstg is discharged; i.e., node 
(1) is at Vss (GND). Prior to chip enable going 
high, the bit sense lines have been precharged to V 
by device Qi. [V is a voltage between VuD (+12V) 
and Vss- ] After the address decoders have stabil- 
ized, the proper column select line is brought high, 
turning on device Q2. The storage capacitor is then 
electrically cormected to the bit sense line. At this 



time the diaige on Cyo (proportional to the pre- 
charge voltage V) is redistributed between Cj/o 
(parasitic capacitance of bit sense line) and Cstg- 
Since Cstg was initially discharged (node 1 at Vss) 
the voltage will distribute between Cj/o and CsTG 
according to the following relationship: 

(Ci/o \ 
Ci/o + Cstg / 



Since Cj/o is very much larger than Cstg the 
change in the voltage on the bit sense line will be 
very small. The sense amplifier (S/A) is designed to 
detect very small changes in bit sense line voltage 
and to latch in a state near Vss (GND) or Vdd 
(-t-12V), depending on the state of the storage cell. 

Sensing an initial charge on Cstg (proportional to 
Vx where Vx = Vdd-VtH; Vth is the effective 
MOS threshold) is identical to the sequence de- 
scribed above. The only difference is that now the 
bit sense line is driven above the initial V precharge 
voltage. Again the sense amplifier detects the small 
change in bit sense line ventage and latches in the 
appropriate state. 

Note that during a read operation of the storage 
cell, the original charge (data) on the storage cell is 
changed (i.e., the read operation is effectively a 
destructive read). Data is rewritten back on the stor- 
age capacitor Cstg by the sense amphfier after it 
has latched in the proper state. For exampley if 
Cstg was initially charged to Vx (~10V), the sense 
amplifier will latch the bit sense line to Vx and, 
since the column select Une is on (high), the origi- 
nal data is automatically rewritten into CsTG- The 
entire operation is transparent to the user. 

A plot of the voltage on the bit sense line for the 
two cases described above is shown in Figure 5. 
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A wnte opeiation Js idoitical to ttie tewiit; corttoji 
of a read cyde. In! this case, however, the incoming 
datli; "o^aijMi^ ltlfe state 6f the sense amplifier 
(if ifflfferfeht' ftbhi 'the desired state) and writes into 

the selected cell, 't is important to remember that 
the data-output ai the output pin is the logical in- 
of the data \nitl!!S iii^Q mewTyn . . 



Data Sense/Latch 

As discussed previously, a sense amplifier on the bit 
sense line is necessary to detect the low level data 
signals generated on the bit sense line during a read 
cycle. A simpUfied circuit schematic used for the 
' I in Figure 6. 
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Before chip enable is brought high, both sides of 
the bit sense lines are precharged to V (as dis- 
cussed previously). At the proper time (after all 
data tranii^its ^ve »ibsided) de^c^ Mid^ 
are turned on by i^^ going {xs^tiv^. AtJttiil^^MMe, 
the state of Mt^iseleft is eompared «ittMt se^e 
i^t sfesmgJ^ hetdi to ItocIe in the iMr«|i^e 
g^tes for ttmmi^i if ri^ hit sensebr^ M k 
Mgher potential than the left bit sense line, device 
Q3 will bepn to conduct. The cross coupled latch 
will then ftiily switch with bit sense left going to 
Vss and hit smise right to Vx • 



Address Buffer/Latch 

The address buffer/latch is shown in Figure 7. The 
input to the address buffer/latch is low voltage 
compatible wliich the circuit senses, tiftnslaMS'to 

MOS level signals and latches. 

Operation of the address buffers is as follows: Dur- 
ing chip enable off time (CE low) both sides of the 
latch are precharged to Vx (~10V) by devices Qj, 
Q2, and Q3. Device Q3 is used to assure that the 
initial precharge on each side of the latch are equal. 

When chip enable goes hi^ the input te'Uiftad^ 
dress buffer (A@)) is gated, to the cross coined lat^ 
which latches the appropriate MOS level fl£ Ai^^ 
An~ For example, if tbe TTL address input is-M£^, 
tlmi^evice Q7 will turn on at 0a time. The cross 
ompbed iaiek &m regenerates, turning Qg off The 
qw^cent state of the latchfor thisinput is Qg off, 
Qg on, thereby setting A] and A] to l|.OSc.^level 
high and low, respectively. 

This type of latch is capable of triggering and latch- 
ing at very high speeds which allows the addresses 
to be removed from the input as soon as possible. 
However, there are a few characteristics of this 
latch whieh hsve w effect when tiifr'deiiee-is 
placed in a system environment. 

First note that node (1), Figure 7, has been i>re-^ 
chai^d to a hi^ MOS level of Vx (~10V). When 
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ch%,: enable goss high turning on Q4, the charge 
on this node is connected to the address input 
node (Ain) for a short period of time (until 
the latch switches). This results in a small positive 
voltage shift on the address input A|n. It follows 
then that the more 2107B devices attached to a 
given address driver the larger the voltage excursion 
will be. This excursion has been found to cause no 
problem in any reasonable system environment (as 
described later) and amounts to no more than 9 mV 
positive shift for each 2107B. The amount of posi- 
tive charge coupling depends upon the address 
driver and the address line impedance. As should be 
expected, the most sensitive address level is the low 
level (Vjl) since any positive coupling decreases 
the available noise margin. 

Another characteristic to be aware of in this type 
address buffer is the input current drawn through 
the address driver when an address goes from a low 
state to a high state during chip enable high. This 
condition results from the latch being set in the 
state where Qg is on as well as Q4 and Q5 . Current 
is then drawn through devices Q4, Q5, Qg and Q9. 
This current is typically in the order of 0.5 mA. 
Note that although this may cause a load on the 
address driver and cause it to drop below 2.4V, 
there is no effect on the memory component since 
the desired address has been latched in. This current 
is drawn only as long as chip enable is high. When 
chip enable goes low, device Q4 is turned off, 
opening the current path. This effect will be shown 
on various type drivers in a later section (Low 
Voltage Buffer/Drivers). 

Output Driver 

A schematic of the output buffer is shown in Fig- 
ure 8. Note that the output is in a high impedance 
state if either chip select is high or chip enable is 
low. Further, the Vcc shown in Figure 8 is the 
only connection the Vcc makes on the 2107B. 
This allows Vcc to have a wide range of values (up 
to Vdd) if types of sensing other than TTL is 
desired. 

2t07B Bit Map 

Figure 9 gives the location of each cell in the mem- 
ory matrix for each address. As shown in this 



xy-\ 




Figure 9. 2107BBitMap 



FiguraS. 2107B Output Driver 



figure, the addresses run sequentially starting from 
the lower left corner (device oriented as shown). 

2107B SPECIFICATION 

Although the device speciflcationS for the 21 0*78 
are concise and self explanatory, some sections are 
included here to emphasize those areas of most 
interest to the designer. Consider first the DC and 
operating characteristics shovWi in TaMe 'I marked 
with a [5]. 

The Vdd supply current during chip enable off is 
specified at 200 fia maximum with chip enable no 
higher than 0.6V. It is important to hold the low 
level of chip enable at or below this value (to a 
maximum of -l.OV) to assure that devices internal 
to the 2107B do not turn partially on. Note that 
considering only the AC operating environment, 
chip enable can go as high as l.OV above Vss and 
the device will still operate properly. This require- 
ment on chip enable off is most important in those 
systems being placed in a low power refresh only 
standby mode. 

The Vbb supply current load (Ibb) 's maximum at 

100 /ia and includes all leakages. It is not necessary 
to add the other leakage currents (e.g., Ili, Ilc) to 
Ibb to calculate supply drain on Vbb- 

The input low voltage (for low level signals) Vjl, is 
specified as a function of the chip enable rise time 
and is referenced to a transition with tj = 20 nsec. 
It is recognized that in some system applications, the 
load on the chip enable driver may result in transi- 
tions of 30 nsec or higher (to a maximtun of 40 
nsec). If the chip enable transition in the system is 
not 20 nsec or faster (to a minimum of 10 nsec), 
then the typical low level for the low level drivers 
is shown by the graph in Figure 1 0. It is important 
to include any noise which may be on the address 
line during tAH (address hold) time. An example of 
the noise expected on an address line when chip 
enable goes high (during refresh) is shown in Figure 
1 1 . The noise shown here is the result of 36 devices 
attempting to raise the address driver (see Address 
Buffer/Latch) level during refresh time. Refresh 
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Table I. D.C. and Operating Characteri^eiGS! 



T;^ = 0°C to yO'C, =+12V+5%,Vcc =+5V±10%, Vbb"' = -5V ±5%, Vgs = OV, unless otherwise noted. 
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NOTES: 

1. The only requirement for the sequence of applying voltage to the device is that Vqq, Vqq, and should never be 0.3V more 
negative than Vgg. C ■ 

2. Typical values are for T^ = and rMuninal power supply voltages. - - - 

3. The Iqq and \qq eurr^itk How to "^^^ 'bb cu^'*"^ ^ 'Mkage eurrents. 

" . — ^. — - - . * 

4. During CE on V^q lupply oirrent is dependent on output loading, ^qq Is connected to ou^t buffer only. ^ 

5. See discussion — 2107B specifications. ' 



rli^l ?i 





























■ 




- 12.6V 

- 11.6V 










— V.HC 




















V 


HC ■ 


.V^ 






V 


IV 




















..... 


pi yl 











tf (nil 



- CE TRANSITION AT t - D 



ADDRESS LINE COUPLiM 




3B2W7B DEVICES ON ADDftOB DM I VCR 

fMeweycLe 



EniM« TfMNion 



4^6 



Z1JQ7B 



is the worst case since all chip enable signals will be 
simultaneously decoded and driven at the same 
time. 

The chip enable high voltage, Vihc> can vary be- 
tween Vdd+10 and Vdd-1'0 volts. This allows 
maximum flexibility in the driver design and pro- 
iddes for adequate noise margins. 

The average Vdd current (Idd AV) during a read/ 
write cycle is specified to be a maximum of 54ma. 
This current is a function of both cycle time and 
temperature as shown in Figures 12 and 13, re- 
spectively. As diownby these curves, the maximum 
power occurs at low temperature and maximum 
duty cycle. 




200 400 eoO 800 1000 1200 1400 



Figure 12. \oo AV Cyde Time 
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Ic8 -23to I 
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Figure 13^ Iqd AV vs Temperature 



The timing relationship between the control, ad- 
dresses, and data in/out is very straightforward as 
shown in the specification. For reference, the Read/ 
Refresh, Write and Read-Modify-Write cycles are 
shown in Figures 14, 15, and 16, respectively, for 
minimum timing. Selected points are discussed 



which may cause the most protAeins' iF they lot 
violated in a system environment. 

For all cycles it is imperative to make certain that 
the address inputs are valid at or before chip enable 
reaches the Vss+2.0V level (t\c)- The highspeed 
of the 2107B address buffer/latches means that if 
the address inputs are not valid until just after chip 
enable goes high, the wrong address is likely to be 
latched in the chip. Likewise, the input data must 
not change after write enable goes low while chip 
enable is high (tpw)- Again, violation of this 
requirement may result in incorrect data being 
written into memory. 

Note that for all cycles, the data-out output goes to 
a low state shortly after chip enable goes high. This 
prohibits the output from being tied directly to a 

clear or preset input of a latch. 

Problems can occur when one or more parts of 
these specifications are violated^ 

Transient Currents 

Although the transient currents in the 2107B are 
easily handled, proper attention should be paid to 
the peak values and adequate decoupling provided 
to handle the expected transients. Figure 17 shows 
the transient currents present in the 2107 B. 

Consider first the transient current supplied by the 
chip enable driver Ice- It is noted that this current 
does not have a resistive component but is strictly 
a charging current represented by the relationship: 

As expected, the largest transient current drawn 
by the 2107B is the Vdd supply and is represented 
by Idd- The first portion of this curve shown as A 
is the result of internal nodes charging up for op- 
eration. The section shown as B is the result of the 
address buffers/decoders turning off. Portion C is 
the "steady state" current drawn by all internal 
circuits while chip enable is high. 

Portion D of the transient current is the result of 
feedthrough capacitance (internal to the chip) 
coupling to V[)D when chip enable goes low. Por- 
tion E is the precharging of selected internal nodes 
by the chip enable generator (e.g., precharging bit 
sense line. See section on Internal Device Opera- 
tion). 

The transients associated with the Vbb supply Ibb 
should be reviewed closely. Note that the peak 
values are approximately 20 ma during a cycle 
with a time base as shown. Special attention is 
called to this because even though the average DC 
current is very small (maximum 100 /ia) the peak 
currents can be two orders of magnitude higher. 
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(Numbers in parentheses are for minimum cycle timing in ns) 



ADDRESS 



X ADDRESS STABLE X 



Mhc - 



Mic- 



am •* / 
CAN / 

CHANGE / 



■ mi" 

PEC 

1 



ADDRESS CAN CHANGE 



ADDRESS STABLE 



-^^.-J ggW l 



© 



■1^ 



® 




r 



WECAN 
CHANGE 



HIGH \ 
'EDANCE " Y 



-1,(201 



Figure 14. Road/Refresh Cyde' 
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FiguralS. Writt Cyda 

NOTES: 1 . For Ref rssh cyole row aitd ediiimn addresses must be stable before t and remain stable for entire t^H 

2. V|i_ MAX Is the refBrancB l^lri ^ 'Measuring timing of the addresses, CS, WE, and D||sj. 

3^ VtH MINif^e referent IflKuli^i^^Biuangth^ 

4. Vss +1.0V it the refefSiee lewel%r rflaasuring tfrnfim ■ ' ^ 

5. Vqd -2V is the reference level for measuring timing of CE. 

6. Vss "*"2.0V is the reference level for measuring the timing of DQuf. 

7. During CE high typically 0.5mA wlli be drawn from any address pin which is switched from low to high. 
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(Numbers in parentheses are for minimum cycle timing in ns.) 




NOTES: 

1 . Minimum cycle timing is based on t j of 20ns. 

2. V|(_ MAX is the reference level for measuring timing of the addresses, CS, WE. and Dim* 

3. V|H MIN is the reference level for measuring timing of the addressas, WE, and D|m. 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vqd -2V is the raferehcs level for measuring timing of CE. 

6. Vss +2.0V is the rsfmnca level for measuring the timing of Dqut- 

7. WE inim'ta««t V|H until and of tco- 

8. During CE high typiealiv 0.5mA will b* drawn from any addrais pin which is switched from low to high. 
Figure 16. Raad-Modify-Wrtte Cyds 
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Figure 17. Typical Current Traiuiants n Tim* 
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These transients are characteristic of any dynamic 
RAM and are in part related to the density^ ofrlfci 
RA^. Again, if adequate decoupling measures .aie 
tak^ very little noise will be generated on the Vbb 
system distribution. 

Notice that the transient current for Ice I i^ot 
shown. This is because the Vcc supply is con- 
nected only to the internal output device and its 
transient depfmcts mifteload placed cmlbeiWElpiit. 

A fuU discussion on decoupling the power distribu- 
tioft-iA 2 1 07B arrays appears in the decoupling sec- 
tion. As it is shown later, the use of a midti-byer 
memory board is not required by the 2107B. 

SYSTEM CONSIDERATIONS 

The previous sections of this application note have 
dealtwith the characteristics of the 21Q7B as a 
stand^bne device. TMs section will outline the 
types df ii^terface, system design considerations, 
pow^ calc^tions aadjesting considerations when 
usiiigthe2iii^B. 



single Vqq supply may not maintain a sufficient 
Vll] fgjj^ level. The 3245 is reciOBUBeaded tot all 
itoiF designs uaiog the 2107B. 




M06 (OUT) 



MOS Level Drivers 

There are many types of drivers capable of driving 
n-channel RAMs such as the 2107B. The drivers 
can be used in one or more of the configurations 
as shown in Figure 18a, b, and c. Each of the 
driver types shown in Figure 18 has an optimum 
circuit load that it can drive and each has special 
design considerations. These drivers are catagorized 
in three genial types; those which: 

/ ' ' ; 

1. Require exteftial drive transistors. 

2. Require an additional power supply. 

3. Require no special components or voltages. 

In case (1) above, there is insufficient high level 
drive capabihty in the driver, hence a PNP external 
discrete transistor must be used to generate suffici- 
ent up-going transition (Figure 18a). Note that this 
transistor is driving in the saturated mode so the 
minimum high level criteria (Vdd-I-O) on the high 
level MOS clock are easily met. 

Driver type (2), shown in Figure 18b, does not 
require external discrete transistors but does re- 
quire an additional power supply. This extra supply 
is usually 3V higher than the Vdd supply for the 
RAM (e.g., using this type of driver with the 2107B 
would require Vdd = 12V and Vddi = 15V). The 
additional supply is necessary to assure that the 
minimum up level lequiiement of the 

MOS clock is met. 

Hie 3245, shown in Figijre 180, has been designed 
to maintain the VQ{]fm requirements of |be 
2107B, yMbe i^me iimuJtypBi of drivers us^l 



VoD 




Figuri ^8, TI^ISS^'IIW" o' I^OS Level Drivers 



It is important to remember to place the MOS 
level driver outputs physically as close as po^ble 
to the memory array. This wiSl n^aimkS^WS>^tm^ 
mkaon line impedance mismatch between #ie im- 
Idtiiied stub iGBd ^<Siaifi|r laa^ied MekSt thi mlBtomy 
may. The effect 439 01^ dasilj^ he :«eB>«^ Oe 
aid of Figure 19^ Tiee iiiipedaa0B of OK inleMs^ 
nectis: . ' i vrtu n'v 



1. 




where Ci is the capacitance per unit 
length of the interct«^ie<^ 

L is the inductance per unit 
length of the interconnect 
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Ftguni 19. MOS L«mI Octotr keatBoB 
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For all practical purposes, the inductance per unit 
length of the printed line is independent of the 
externally connected loads. Therefore, the imped- 
ance of the loaded section of transmission line can 
berTep*esented as: ' ' " ' 



2. Zo(2) = 



Cl +C2 



where C2 is the added capacitance per unit length 
to the t)rinted transitiissien Me. 

For most practical systems, capacitance per unit 
length of an unloaded transmission line will be 
approximately 1—2 pF/in. (Ci ). C2 is the capaci- 
tance effect of the 2107B per unit length. Since 
the spacing between memory devices is approxi- 
mately 0.5" the typical loading effect of C2 is 30 
pF/in. (i.e., 15 pF assumedj for chip enable 
input). 

The ratio of the twq impedances is calculated as 
follows: 



the maximum delay plus rise time for a heavier 
load (C = 250 pF). The minimum delay time is 

given so the system designer can guarantee that the 
chip enable driven by a particular driver does not 
occur before the address lines have stabilized. The 
maximum delay plus rise time is given to guarantee 





This means that the impedance of the stub is 
four times the impedance of the loaded section. 

If the loads are placed close to the driver output 
the effect of the stub will be negligible and will 
cause no problem. 

3245 MOS Level Driver 

The Intel® 3245 is a quad MOS level driver, with 
each driver capable of driving 250 pF load with 
maximum delay of 30 nsec. The 3245 requires two 
power supplies- Vcc (+5V), and Vdd (+12V). The 
pin con^malion and logic diagram of the 3245 is 
liiown in Figure 20. For reference, input/output 
waveforms are ghown in Figure 21, with delays 
0ven in Table n for worst case conditions. 

Note that Table II gives i3ie.nunimum input to out- 
put delay for a lightly loaded line (C = 150 pF) and 
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OyO^ DRIVER OUTPUTS 


E^,^ ENABLE INPUTS 


Vcc *6V POWER SUPPLY 


R REFRESH SELECT INPUT 


Vqq +12y POWER SUPPLY 


C CLOCK CONTROL INPUT 





Figwe 20. 3245 Pin Configuration and L«gic Oiagram 




Figure 21. 3245 Input/Output Waveforms 



Table II. 3245 A.C. Characteristics 

TA-tfC to75''C, Vcc = 5.0V SB*, Vdd = 12V ±8% 



Symbol 


Parameter 


MinJIl 


Typ.tZl 


IVIax.[31 


Unit 


Test Conditions 


t-+ 


Input to Output Delay 


5 


11 




ns 


RSERIES = 


tDR 


Delay Plus Rise Time 




20 


32 


ns 


"series = 


t+- 


input to Output Delay 


i3 


7 




ns 


RSERIES = 


tDF 


Delay Plus Fall Time 




18 


32 


ns 


RsERIES = 


tT 


Output Transition Time 


10 


17 


25 


ns 


"series = 20n 


tOR 


Delay Plus .Rise Time 




27 


38 


ns 





NOTES: 1. CL=1B0pF 2. Cl = 200 pP » Ta - 2S°C 3. Cj_ «2S0pF 



a required system access or cycle time can be met. 
The capacitance values specified for the 3245 of 
C= 150 pF, C = 200 pF, and C = 250pF are repre- 
sentative of the minimum, typical, and maximum 
capacitance, respectively, of nine 2107B Chip En- 
able inputs plus associated stray capacitance. 

Graphs showing the effect of capacitance loads on 
delay and rise times are shown in Figure 22a and b. 
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Figure 23. 3245 Enable Configuration 
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Figara 24. SyiAiAi'Oi^nlzaSottiHid: Driver naesneiit 



Figure 22. 3245 Delay and Transition Time asa Function 

of Cload 



The 3245 offers a great deal of flexibility in driving 
large arrays of 2107Bs. A sample of its logic capa- 
bilit y is shown in F igure 23. A given card is selected 
by Card Enable i, byte control is maintained with 
Byte Ena ble, and the desired row selected by Row 
Enable i. The basic chip enable timing pulse U 
provided by CE timing. 

At refres h time it is ne cessar y to activate th e Card 
Enable i, Byte Enable and Refresh Enable to re- 
fresh the entire card at one time. In most systems, 
it is desirable to refresh all cards simultaneously. If 
the cards are decoupled properly (see Decoupling 
section), the power supply transients during refresh 
will be minimal and are acceptable. The basic con- 
figuration of such a card is shown in iPigure 24. For 



tMs system, the entire 16K X 16 memory array can 
be driven vrtlli two 3245s placed as shown between 
the two memory arrays. 

Waveforms of the 3245 driver in a system similar to 
that shown in Figure 24 are given in Figure 25a—d. 
The driver configuration used is shown in Figure 26. 
Figure 25a and b shows the leading and trailing edge 
of chip enable at both the beginning and ending of 
the printed line for an added series resistance R of 
lOQ,. Note the transition time and overshoot for 
each of these edges. The overshoot is worst case at 
the leading edge at the driver end and on the trail- 
ing edge at the end of the Ujie, The trailing edge 
overshoot is 2.2V while the liadiflg edge overshoot 
is 1.5 V. Both values ars very marginal for sysiem 
operation. 

The effect of increasing the series resistance to 2012 
for the above driver is shown in Figure 25c and d. 
Note that the transition time has Increased but is 
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Figure 26. MOS Level Driver Configuration 



still within entirely acceptable limits and the over- 
shoots have been cut in half. The driver is now 
operating in an acceptable mode with tninimal 
overshoot. 

The effect of temperatures on the 3245 is shown in 
Figure 27. A 20J2 series resistor is used with the 
driver. 

The results of board measurements of a typical 
3245 driver driving 1 8 loads and 9 loads is shown in 
Tfable III. Note that the delay does not change ap- 
preciably with temperature but the transition time 
increased approximately 2—3 nsec from 25°G to 
70°C. 




T = lOnS/DIV 



Figure 27. 3245 Driver Waveform with 

Temperature = 70^C 



3210 MOS Level Driver 

The pin configuration and logic symbol for the 
3210 driver is shown in Figure 28. As shown in this 
figure, this driver consists of one MOS level driver 
and four TTL low voltage buffers. These low volt- 
age buffers can be used to drive inputs which re- 
quire a 3.5V high level (such as the 2107A addrKS 



Table III. Summary of 3245 Driver Board Delay Measurements 



IfUMBiR 2107B LOADS 
AN0 CIRCUIT CONFIGURATION 


MEASURED CONDITIONS 
INPUT to OUTPUT DlLAf ' 1 


PLUS RISE 


MEASURED 
' DELAY'*' 
PLUS FALL 






TYP. 


worst'*' 

CASE 


TYP. 


worst'*' 

CASE 


TYP. 


WORST®' 
CASE 


TYP. 


worst'*' 

CASE 


3245 18 loads'^' R = 20n 


12 


12 


10 


10 


34 


37 


33 


35 


3245 9 LOADS R = 200 


11 




10 




30 


33'" 


25 


27(71 



NOTES: 

1. TTL 1.5 to Vjs +1 volt 

2. TTL 1.5 to Vqq -1 volt 
. . 3. TTL1.6toVQp-1volt 

4.' TTL 1.5 to Vcc +1 wolt 



5. Worst case driver on board at 70°C and 5% poMrensu^ly variation. 

6. 18 loads 20n split resistor (see Figure 26). 
T. P^SipMltfroi* J8 i«Bd detay. 




FiOHMHSH. 3210 Pin Configuration and Logic Symbol 

tepttts> or iSey can be used to drive high capaci- 
tance loads with minimum delay. For reference, 
the input/output characteristics of the 3210 are 
shown in Figure 29 and table IV, respectively. 

The driver conQguration for the 3210 MOS level 
output is ^ilMltfM! Wmm @r i^tos ^ Figure 



30a and b sii^ n^ta^ees of IdS2 mi l^. 
Table' Y iummarizes the restfl|s of bexud Masure- 
mentsTfoj the 321€) as a funette of se4es js^WWBce 
and teiai^erature. s 

~ / ' 

Low Voltage Driver/Buffers 

The address, data-in, write enable, and chip select 
inputs on the 2107B are all low voltage TTL com- 
patible requiring no special interface. This section 
will discuss the types of drivers which can be used 
to drive the low voltage inputs along with the 
advantages and disadvantages of the drivers. 

The types of low level drivers capable of driving the 
2107B are shown in Figure 31. Two observations 
are pointed out regarding the use of TTL diiv^ 
shown in Figure 31. 

J. There afe no pull up resistors. 

2. S^i#MSvty|iS libt j^ommra^ 



Table IV. 3210 A.C. Characteristics 

Ta - e°sjpJS!e^-¥icc-.i.ov ±5%, vdo = 12V ±m 



SYMBOL 




MIN. 


TYP.'" 


IVIAX. 


UNITS 


TEST CONDITIONS 


tLDB 


Delay Plus Rise Tims feFLpM Voltag^'brivers 




17 


25 


nS 


Cl = 200 pF 


tLDP . 


- 0i^ftm F«tj JCim* leiS;Lc»|i Vol'tai{|»^#r'iimrs 




16 


25 


nS 




tH- + 


Input to Output Delay for High Voltage Driver 


9 


15 




nS 


C|_= 175 pF 


tHDR 


Delay Plus Rise Time for High Voltage Driver 




27 


40 


nS 


Cl = 350 pF 


tH + - 


lnpiit«ai0i^«t Dslay Hsr I4|#i Vdltasa Oriver 


4 


8 




nS 


Ct= "^pF 


tHDF ' 


W Time for High V«ltage 0r!«ei! 




18 


30 


nS 


Cl = 3B0pF 




D#|y m imi Brive to ExternarPNP (Pin 12) 


4 


8 


17 


nS 





AC OON0ITIONS OF TEST: 

In^ut Pulw Amplitudn: 3;0V Input Pulse Bin and Fall Titnet: 5 tiS bitiwssA I vottand 2 volts Mnsai^MMt Points: Seis 'Waveforms 
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Figure 29. 3210 Input/Output Characteristics 
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Figure 31. Low Level Drivers 

TTL Drivers 

Since TTL devices will typically pull up actively 
to 2.8V to 3.4V, which is well above the required 
minimum high level, pull up resistors are not 
needed. Standaid Series 7400 type gates are speci- 
fied to supply 400 jtia up level current at 2.4V worst 
case. Since each address input of the 2107B 
has a maximum leakage current of 10 /xa, this type 
of driver is capable of driving 40 2107B address 
lines. However, it should be noted that these 40 
address inputs have a capacitance of 240 pF. This 
load will increase the delay through the series 74 
gates. 

When driving the 2107B address inputs with TTL 
gates it is advisable to use a NAND type circuit 




Table V. Summary of 3210 Driver Board Delay Measurements 



NUMBER 2107B LOADS 
AND C|>RCUITCONFIGURATION 


MEASURED CONDITIONS 
INPUT TO OUTPUT DELAY 


measured 
delay'3' 
plus rise 


measured 
delay'*' 
plus fall 






TYP. 


worst'*' 

CASE 


TYP. 


worst'*' 

CASE 


TYP. 


worst'*' 

CASE 


TYP. 


worst'^' 

CASE 


3210 18 loads'^' R = 20n 


16 


16 


10 


10 


48 


50 


35 


35 


3210 9 LOADS R = 20n 


14 




8 




30 


32'" 


25 


25'" 



NOTES: 

1. TTL 1.5 to Vgg +1 volt 5. Worst case driver on board at 70°C and 5% power supply variation. 

2. TTL 1.5 to -1 volt 6. 18 loads 20n split resistor (see Figure 261. 

3. TTL 1.B to Vpp-1 volt 7. Projected from 18 load delay. 

4. TTL 1.6 to Vgs +1 volt 



(such as shown in F^iiue 31) :witb im enable input 
This will altow aU addresses to be set up in a hi^ 

piipiek^i^SK^ l^«>fHles^-have mmM Mti» d^w 
caEp^Hit^>in.i4iKiy^|o low direction, the inrae^ 
in delay due Idrthe large capacitance is reduced. 

It is not recommended that Schottky type TTL 
gates be used to drive the low level inputs of the 
2107B. This is because under worst case conditions, 
the down level of the Schottky device is approxi- 
mately 1 00 mv higher than for a regular or H series 
TTL gate. This higher level coupled with the ad- 
dress noise coupled from the 21^lf|f'(see Address 
Buffer/Latch section) might Ai^d 'sonie systems 
marginal in operation. In addition, %e effect of 
chip @B^e transition on address low voltage re- 

■ ■i<>-r I'. 
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DRIVER TYPE 74H0O 
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DRIVER i^PE74S00 
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Figure 32. TTL Drhw' Wavaforms (Refresh Cyde) 



dtUxs'the makimnniifoatSve dovnt level @b tSm 
addresses. (See Oi^rieeSpeciflcation sHe^m-if"^ ' 

An, example of TTL circuits (7400, 74H00, 74S00) 
driving 36 address inputs on the 21 073 at refresh 
time is shown in Figure 32. Figure 33 shows the 
same TTL gate at "Read" time. Note the high level 
loading effect is greatly reduced because only 9 
loads (2107B) are turned on at one time. Note that 
a Series 74S gate was used and is shown for refer- 
ence only. From these photos the amount of over- 
shoot present in driving high-low is clearly seen. 
Therefore, even with JTL drivers it is desirable to 
use series resistors 1*6 'deffiFMi the negative over- 
shoot. "Bii^ tesisWi y^^kt dep^iids on the load on 
«tis ^ff^r'andSSn^ teccoiiitiended' ¥hen driving 
36 address loads. 




T-SOnS/OlV 
DRIVER TYPE 7400, R • 20n 
la) 




T - 50 nS/DIV 
DRIVER TYPE 74H0O. R ■= 2012 
(b) 




DRIVER TYPE 74S00, R - 20Ii 
(c) 

FiaiiM-33. TTIiiOrimrWitafDrm (Bead Cycle) .(ie('«)i,i- 
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In the discusaon of the addsess latch circuitry 
(Address Buffer/Latch section) reference was made 
to input currents drawn by the address buffer when 
an address is switched from a low to high level dur- 
ing chip enable. The decrease in high level shown in 
Figure 32 is due to the 0.5 mA/2107B loading of 
the address line following the low to high transition 
while chip enable is on. (All photos from Figure 32 
are taken at refresh time when all devices are on. 
This condition is worst case.) 

Figure 32 also shows the effect of 36 memory 
devices coupling charge back to the address line 
Isee Note (1) on photos] . This couphng limits the 
series resistance value which can be added to the 
address drivers to minimize overshoot. It also sug- 
gests that the address drivers be placed as close as 
practical to the memory array. 

The photo shown in Figure 34 is the current 
associated with the low to high level address transi- 
tion for 36 devices at refresh time. (Note the time 
delay of current relative to address voltage change. 
This is the result of delays associated with the cur- 
rent probe relative to the voltage probe.) For this 
example, the driver used is a 3210. 



Other Low Voltage Driver/Buffers 

When speed and high level drive capability is needed 
it is desirable to use drivers which are designed spe- 
cifically for driving high capacitance loads with 
minimum delay. The 3245 and 3210 can be used 
to drive the 2 1 07 B low voltage inputs. 

When operating the 3245 in a low voltage mode, 
the device is connected per schematic shown in Fig- 
ure 35. As shown in this figure, the Vddi pi" (pin 
1) is connected to Vcc (+5) and the Vdd2 pin (pin 
9) is connected to +12V. Photos of the waveforms 
of the 3245 in the low voltage drive mode are 
shown in Figure 36a and b. The circuit configura- 
tion is shown in Figure 35. As shown in the photo, 
the 3245 has very high drive capability in both the 
positive and negative directions. 

For comparison, the low level buffer portions of 
the 3210 are shown in Figure 37a and b. As is 
shown, both the 3245 and 3210 make excellent 
low level buffer drivers for heavily loaded address 
lines. 
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Figure 3& CoiniMel^|i|^l^y«ltag« Dfiin Mode 
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T = 10 oS/DIV 



POSITIVE ADDRESS TRANSITION 

(a) 

Figure 37. Typical VVayefornis, 3210 Lpvy Voltage Mode 



NEGATIVE AObltESS TRMHStTION 



Output Sensing 

The output of the 2107B can be sensed with any 
TTL compatible series 74, 74L, 74LS or 74S gate. 
In addition, Intel provides a latch (3404) which 
features high speed and high density in a single 
package. The pin configuration for the 3404 is 
shown in Figure 38. 

The Vcc input to the 2107B goes only to the out- 
put buffer as shown in Figure 8. This means that 
other types of outputs can be used instead of 
standard TTL devices if so desired. However, since 
there are many different ways to utilize this fea- 
ture, do not exceed the maximum limits on voltage 
when using the 2I07B in a non-standard manner. 

Typical curves of output igurrent as a Rinction of 
outptJt voltage are inclwde^ in Figure 39a and b to 
facilitate the output interface of non-TTL loads. 

System Timing and Controt 

Th^ iSlmplicity of desi^ when using the 2107B ' 
memory component is sKown by the schematic 
given in Figures 40, 41'; and 42. The basic timing 
for this sch^atic is! shown in Figure 43. 



3404 



The dei%a. shown i$ tat an expandable 16K X 18 
system featuring: "; 

1 . Asynchronous memory requests/multiple ports 

2. Free running refresh 

The timing cycle consists of a start initiated by a 
memory request (MREQ) which triggers the busy 
latch and begins chip enable. The busy signal is used 
to disable other ports from requesting a memory 
cycle while the memory is being accessed from 
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Figure 38. 3404 Pin Configuration 
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Figure 40. 16K X 18 Memory System Timing Generation 
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Figure 41. 16K X 18 Memory System Addms Buffer Interface 
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Figure 43. 16K X 18 Memory System Control Timing 

another device. Since further timing signals for a 
read/write cycle are straightforward they will not 
be discussed further. 



However, several things need to be said about the 
refresh circuitry. As many system designers know, 
when a memory system with asynchronous refresh 
runs into trouble in the checkout state, it is 99% 
sure to be refresh interference in one form or an- 
other in the control logic. The most likely cause of 
problems for asynchronous refresh is glitching be- 
tween a refresh reque^ a^d a normeil cycle request 
resulting in false starts (Kr'the systein not knowing 
whether or not it is in a refresh cycte <x normal 
cycle. 

To alleviate this problem it is necessary to deter- 
mine that there are no possible requests coming 
from an external port to the memory when a re- 
fresh cycle is started. This will prevent the low 
order address line from making transitions at the 
wrong time (due to the multiplexer between the 
refresh and normal addresses) and taking excessive 
time to recover to the proper level. 

The circuit which performs the function of delay- 
ing the onset of a refresh cycle is shown by G3 in 
Figure 40. Here, refresh is delayed for as long as 
necessary to assure that the refresh required latch 
(REF REQ) has had time to block further requests 
from all ports attached to the memory. 

Attention is also called to the power on reset 
(PWRST) signal shown in Figure 40. This signal 
is necessary to assure that all latches have been 
reset (or set) to the proper state after power has 
been applied. In addition, note that the refresh/ 
addresses RAq thru RA5 are changed after the 
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refresh cycle is complete. This assures that the 
address will not be changing during refresh as chip 
en^legoeshi^ 

Memoiy Ai ray L^out 

The layout for the 2 107B memory array can be 
identical to that used for the 21 OVA. An example 
of such a layout is shown in Figure 44. The layout 
in this example is constructed with grided power 
busing which minimizes power distribution noise. 
When using this technique it is important to rcsBem- 
ber to bus all power lines both vertically arid hbii- 
zontally through every memory component. 

The e^iect of proper power distribution in the 

most ^f^^^^^^^^^wl^'*^^ both ver- 
tically and hoti^^tally at every memory device 



locatioiiH^fKea if.^iit feensA xaniang a IS mil-Atfe 
printed Uoe to a^deve.^ conneotsm). Kltistmit 
possible to' dnke a 'eomiecti^ at ew^f^MOBa* 
tion, then the interconnect should be done as mtndi 
as possible throughout the array. 

As a general rule of thumb, power distribution can 
be considered adequate if the distance from each 

capacitor) to nie closest decoupling capadtm 

less than or equal to 1 .5 inches. 

For some layouts, particularly those which have all 
timing and control as well as the memory on a 
single board, it may be desirable to build multi- 
layer boards. Attention should be paid to the con- 
struction of the internal planes to gain maximum 
effectiveness from these planes. If all the required 
power supplies cannot be distributed on internal 




Figure 44. 2107B Mamoly Array Layout Using Grided Power Distributi«a 
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planes and any have to be left out and put on the 
upper surfaces of the board they should be re- 
moved from the internal plane fai the foHowiwg 
oisder: 



IVcc 
2.VBB 



3. Vdd 

4. VSS 



Numbers 1 and 2 can be interchanged if there is a 
particularly heavy Vcc load due to timing, control, 
etc. circuitry on the board. 

When constructing internal planes, care should be 
taken to obtain the most continuous plane possible. 
For example, the plane should have "fingers" 
between each 1C feedthrough to minimize induc- 
tance. 

Decoupling 

As mentioned in the Transient Currents section, it 
is imperative to adequately decouple all supphes to 
the 2107B. The type and amount of decouphng 
recommended is most easily shown with the aid of 
the diagram given in Figure 45. In this figure, every 
other location for decoupling is Vqd-Vss using a 
1 .0 fiF capacitor. Alternate locations can be Vbb- 
Vss or Vcc-Vss- It is suggested that Vbb-Vss be 



OECOljin.lNG KEY 

Vdd-Vss - 1.0>F 
VSB-VSS - 0.1 »F 

Vcc-Vss - 1 »f 
Vdd-Vss - 4.7 »f 



decoupled more heavily than Vcc-Vss (as shown 
in Figure 45), because of the higher transients on 
Vbb- Noise on the Vbb distribution is shown in' 
Figure 46. 



vss — 



Figun 45. RaeomiiMiliM Memory Array DtGoupUns 



T-SOnS/DIV 
h) V^g AvC: COUPLED. 100 mV/BlV 

Figure 46. Typical Vgg Array Noise DacoupUng per 
Figure 45 

In addition to the 1.0 /jF decoupling discussed 
above, it is necessary to provide a bulk of ~100 //F 
Vdd-Vss per 36 devices located near the mem- 
ory array. Also, placing 4.7 fi¥ capacitors between 
Vdd-Vss along the end of each row as shown will 
eliminate noise problems during refresh time. 

The effect of changing decoupling capacitance in a 

system is shown in Figure 47a, b, c, and d. 

These photos show the effects of different de- 
coupling schemes on the Vqd supply and the effect 
of adding a more sohd power distribution bus. (In 
this case #22 wire was paralleled with the existing 
power distribution of grided 15 mil printed line.) 
Each of the photos shown in Figure 47 were taken 
at the worst case location in the memory array at 
refresh time. 

Figure 47a shows the Vdd supply with 0. 1 nF 
spaced at every third device, no additional Vdd 
busing and no bulk capacitors (4.7 fiF) at the end 
of each row. Note that the Vdd supply decreases 
to approximately 300 mv below desired setting 
with spikes driving the supply down a maximum of 
440 mv. This excursion is not acceptable. 

Figure 47b is for the condition of decoupling with 
0.1 fiF every third device and adding a 4.7 itF 
capacitor at the end of each row. Additional power 
busing on the Vdd and Vgs lines was added but 
was observed to have little effect on the noise, 
shown in Figure 47b. For this case, the Vdd sup- 
ply is observed to decrease approximately 180 mv 
with spikes adding a further reduction to 240 mv. 
The major difference between this condition and 
the one shovm in Figure 47a is the addition of the 
4.7 iiF capacitors at the end of each row. However, 
the decrease in Vdd voltage is still unacceptable. 
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Figure 47. Vdq Noise as a Function of Decoupling 

^ 



Figure 47c shows the Vdd supply where Vdd in 
the memory array is decoupled at Svery other 
memory deuce location. All other conditions are 
per Figure 47b. Note that the offset is now only 
100 mv with spikes taking the supply down to 170 
mv below nominal. Such decoupling results in ade- 
quate but marginally acceptable system operation. 

Figure 47d shows the Vdd supply decoupled at 
every other memory device location with 1.0 juF 
ceramic capacitors. All otlter conditions are {wr 
Figure 47c. Note that the of&et ft aj^^JaiBsirtbly 
20 m* Trtp^^ikesloswtot the ¥00 to S asajimiitt' 
otimm terWismih df tlfte shown. " 

The most desirable decoupHng of Vpo to Vss 'n 
a memory array is therefore 1 .0 ixF at every other 
device location with 4.7 ^iF at the end of each row. 

The above recommendations on power distribution 
and decoupling will result in minimal memory ar- 
ray power noise. However, it is certainly not the 
only way to suppress power distribution noise. Ad- 
equate distribution and decoupling can be assumed 
if the foUowing values are achieved: 

!• Yop-Vss ?fl<ilBW peak 
2. Vbb-Yss lOoUv peak 



3- Vcc— Vss lOOmvpeak 

4. Vss— Vss 200 mv peak (corner to diagonal 

Debugging A Memory System 

The design and build of memory systems using the 
newer, easier to use dynamic RAMs, usually results 
in minimum system debugging time. However, 
when this is not the case and the control and mem- 
ory are not playing together well, life can be mighty 
miserable for the designer^ while the problem is 
being tracked down. 

This section will deal with some of the more com- 
mon problems that can affect dynamic memory 
systems in general, their characteristics and how to 
better identify them. An integral part of this sec- 
tion is the testing of the system to identify those 
conditions which cause the most problems for the 
memory systein. In the following it is assumed that 
power suppUes and timing are set to nominal values. 

■ . • . .-.■U.l.l.. 

la jdukve^S a umaaiy system the most logi^ 
pMe.'tia stut- is to determine that all specified 
cBtoia rate met "Diis means looking at chip enable 
timing dtting eacb l^fpeotx^fdmibtahlf^ and low 
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voltage level (read, write, read-modify-write, if 
used, and refresh). In all cycles make sure the ad- 
dresses and chip select are set up at the proper time 
and are held for the minimum hold time. Check all 
other signals for proper levels (this especially in- 
cludes the address down level at the time just after 
chip enable goes high). Remember that the maxi- 
mum address down level is a function of the chip 
enable rise time. Erratic operation results from a 
slow transition and a marginal address down level. 
Next, check all voltage pins for excessive noise. It 
is usually desirable to check the power noise at re- 
fresh time since all memory devices will be on th«i 
and noise will be at a maximum. 

After the above, sync on a read cycle and make 
sure that the system data strobe, if any, occurs be- 
fore chip enable going low has a chance to reset the 
data. Also check to make sure no spurious write 
signals are getting through at read time. In a write 
cycle check the write enable waveform and make 
sure data-in is valid at or before write enable goes 
low. 



In a ref^sh cycle, write enable should be held high 
unless chip select is high. Also, while in the refresh 
mode, make sure that all refresh addresses are being 
accessed. This is most easily done by syncing on the 
high order refresh address, A5, and looking at the 
low order addresses for one cycle of A5. Checking 
a read-modify-write cycle is merely a combiairtiaB 
of the above discussion of read and write. 

After confirming that the specification is met in all 
regards and that power supply noise is within toler- 
ance in all cycles, the designer is probably tempted 
to harbor ill feelings toward the memory compo- 
nent and/or manufacturer of same. However, it is 
not yet time for such. 

If the memory is failing most of the data and 
address patterns that are being used for the test, it 
is useful to inhibit refresh. When doing so, make 
sure that the test cycle is such that refresh is being 
done "automatically" by the normal cycles oc- 
curring at a fast enough rate. When inhibiting 
refresh it may be necessary to restrict the test ad- 
dressing so that all cells can be "refreshed" by a 
normal cycle. If the problem goes away after in- 
hibiting refresh, you are now in the army of people 
who have used dynamic RAMs to be caught with 
refresh interference. 

The only thing that can be said about refresh inter- 
ference is that refresh is coming in at the wrong 
tiiAe! In properly designed systems, the most likely 
culprit is a noise glitch getting into the refresh 
timing circuitry to cause the problem. One of the 
most common causes for other types of system de- 
sign is the improper use of "D" type latches. For 
example, if an asynchronous input (relative to 
clock) is apphed to the D input of a latch and 
clocked, there will be times where the change on 



the D input occurs simultaneously with the clock. 
In some latches this can cause an order of magni- 
tude increase in delay instead of simply missing the 
D input (see Figure 48). This problem also exists 
when using a latch made of NAND gates (see Fig- 
ure 49). The method of correcting the refresh inter- 
ference problem of a system is left to the imagina- 
tion and luck of the designer. If the problem is not 
refmh internee, do not harbor ill feelings yet! 



0-TVPE LATCH 



□ INPUT SET UP 1 /V^'^' 




INPUT SET-UP 2 

a<:HANGES STATE (SET-UP 1) 



□ CHANGES STATE (SET-UP 2t 



Figure 48. D-Type Latch 




Figure 49. Crois-Coupled NAND Ljtdi 



After checking all of the above with no change in 
results, the next place to start is to detenqd^ie 
whether the system is sensitive to addiesnng pat- 
terns. An effective test for evaluating addr^ 
pattern sensitivity is Galpat. The structure of Gal- 
pat is shown in Figure SO. This test is time consum- 
ing and requires a careful monitoring of the failed 
data and its addresses. 

Failures caused by a Galpat-only type test are 
most likely due to address line noise, address 
coupling to other signals, or refresh related. If ad- 
dress type noise is suspected a careful look at every 
point in each address path is in order. The best 
place to concentrate is around the address and its 
complement that failed. 

Refresh related problems can occur during Galpat 
because this test takes a long time and may not 
"automatically" refresh the memory. (A sequential 
type test can refresh the memory automatically 
if it cycles faster than the maximum allowed 
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A "galloping" "1" or "0" thru me?nofy consists of initializ- 
ing the ifsqnteiift of menmry (all "J s" or "Os") and impje- 
menting^i'tWoWiig sei(u2n6e at eich successive mimory 
location: 

1 . Write opposite datii (from initialized state) into test 
address (A^gj-p) 

2. Read next address (A-p£sj + 1) 

3. Read test address (Ajgsj) 

4. Read A^eggj + 2 

5. Read test »^item continue [fad $fquence for eii- 
tire memory 

6. Write test address back to initiallM state 

7. Go to next address pjr new Afgs'j 

8. Repeat steps 1-6 i^til entire memory tested 

9. Complement initiat data pattern and repeat steps 1-8 



Figure 50. Galpat Flow <$t«art 



refresh period.) If any address fails to get refreshed 
during the refresh period/Gatpat will inost likely 
pick it up. ' in . ■ 

If the above does notj yield a clue, then a check of 
the data pattern acroiis a ^^ptd^is in order. In many 
tests each bit in a ^^rd~«o»tains the «ame data. 
This can cause certitin 'groups of data liftesS'-to- 
couple into adjacent control or address lines. Iliis 
problem can be tracked down by allowing only one 
bit in a word to change at a time. 

If the memory system is having massive failures, it 
is very likely that the; above debug procedure will 
reveal the problem. The second type of problem to 
be discussed is that of soft failures at frequent in- 
terv(ris. In general, these are problems caused by 
system noise, marginal! timing, flaky peripheral de- 
vice(s), or mar^nal m<femory component. 

For soft failures, the first item to suspect is refresh 
interference. Proceed per above to isolate the prob- 
lem. 

A great deal of information on soft failures at 
nominal voltage settin^?s can be obtained by shmoo- 
ing the mmtt^- system. A shmoo consists of vary- 
ing each voltage in a manner which is worst case for 
certain conditions. 

The voltage points which emphasize certain tend- 
encies in the memor>' are contained in Figure 51. 
The device failed, ad^^j;^^ should be noted at each 
shin,op jiopt t^0^: a,j^# to the problem. 



A broad guideUne here is as follows: 

Failure Cause 

1- Vdd low, IVbsI high - timing marginal 
(memory tends to 
slow down). 

2. Vdd IVgjj lo* — noise in system. 

Look for Vss, Vdd> 
Vbb noise. 

Temperature variation can also reveal f imilar prob- 
lems. For examiple:- 

Failure Cause. 

1 . High temperature — timing should be sus- 

pected. 

2. Low temperature — noise should be sus- 

pected. 



I NOISE SENSITIVE CORNER 

I I 



I MAX. OPERATING CORNER (2107B)-^ 



I ^- SPEED SENSITIVE CORNER 




Vdd 



Vp - MOST POSITIVE Vge 
Vn - MOST NEGATIVE Vbb 
Vp' - MOST POSITIVE Vdd 
Vn' - MOST NEGATIVE Vdd 



Figure 51. Example of Memory System Shmoo Plot 



Power Calculations 

The typical power dissipation for the 2107B with a 
chip enable on time of 230 nsec and a 400 nsec 
ewto 4s ©rf^nteftias foll@sis>ft>r a typteil device: 



Dfeifiee Pbwet 



ill: 



L+Vbb X IBB J 

= ri2.0X38mAV , 
L+5.0X0.1mAj ■ 



.5 mw 



Since the elfetilaMon of standby power without 
left^ for dynamic memory is meaningless, the 
following calculations are for standby with refresh: 



2. FdOP 



vddX idd 

.+ VbbX 

J2.0 X O.H»A 
L+ 5.0 X Oil: mA 



1.82 raw 



425 
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+ PNOP 



/ Tref-N Tcy \ 
\ Tref / 

where: Pdop ' - Operating power disspiation 

PNOP °° Non-operating (chip enable low) 

power dissipation 

.-J' '^QlSS ~ Standby /Refresh power 

N = Number of lefre^' QyiEles In le&e^ ' 
period 

Trep = Refresh period in ^isec 
Tcy - Refresh cycle time in Msec ' 
For the 2107 B, the following values apply: 

■n = 64 - " — 

Tref = 2000 /zsec 

Tcy = 0.40/isec 

' 64 (0.400) \ 
^ 2000 J 



4. Pdsb = 456.5 



^ , /200O-25.6\ 



5- Pdsb = (5.84+ 1.80)mw 

6. Pdsb ~ ^ ^ mw 

The above calculations do not include Vcc power 
since it is dependent only upon the output load 
used. The, output of the 2107B is in a high imped- 
ance state when chip enable is low or chip select is 
high and only leakage level currents flow under 
Qiese coiidltlolis. 



D = Number of devices in PdOP 

Pdsb = Power dissipated by memory devices 

during standby (including refresh) 

E = Number of devices in PdSB 

For this example, all drivers are assumed to be 
3210s. Therefore: 

PDS = 387 mw N = 6 

PDA = 467 mw M = 2 

Poop = 456.5 mw D = 18 

PdSY = 8.6 mw E = 54 

or Memory Component 

Power 



Driver Power 



System Power ' 

■n most systems only a portion of the memory 
devices wiU be continually accessed. For example, 
in the system previously described (16K X 18) 
worst case power is a continual access of one row 
(the other three rows are dissipating power in the 
refresh only mode). 

System power for the 16K X system is calcu- 
lated from: ' " 

1- PsYS =.P0&X. N +PbA X M + Pdop x d + Pdsb x e 

where: Pps = Power dissipated in drivers during 
standby (including refresh) , 

N = Number of drivers in standby 5 

PDA ~ Power dissipated in drivers during 
max. duty cycle operation 

M = Number Of drivers in jnut. <tet]r cycle 
opcritidn ' 

Pq<^ = Pow^ iiissipated by memory device 
man. duty cycle 



PSYS 387 X («) + 467 ft) + 456.5 (18) + 8.6 (54) 
Driverg Memory D evices 

2. PSYS = 2322 + 934 + 8217 + 464 
PDRIVERS = 3256 mw 
PmEMORY = 8681 mw 

Of ' 

Totd System Power: 

3. PgYS = 11.9 watts 

The power dissipated by the drivers is approxi- 
mately 26% of total system power in a max.— duty 
cycle operating environment. 

Total standby power (including refresh is calcu- 
\_ la^ed from equation (1 ) where: 

N = 8 M = D = E = 72 

or: 

Driver MemMy 

4. PsYS = 387(8) +8.6(72) . 
PSYS = (3096 + 619) mw 

or' 

PdRIVERS = 3092 mw 
PMEMORY = 619 mw 

5. PsYS = 3.7 watts 

Note that in this case, driver power amounts to 
approximately 83% of total system powM. 

Power Supply Sequencing 

The Vbb substrate bias supply must never be al- 
lowed to be more positive than 0.3V above Vss. 
Vdd. ot Vcc 2t any time. Catastropic device fail- 
ure can result if these criteria are not met. To mini- 
mize this problem of power sequencing and inad- 
vertent power shorts, it is recommended that Vbb 
be referenced to Vss- 
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INTRODUCTION 

The Intel* 5101 is an ultra-low power 1024 bit 
static RAM organized as 256 words X 4 bits. It is 
fabricated with an advanced ion-implanted silicon 
gate CMOS technology. The 5101 is fully TTL com- 
patible, uses only a single supply voltage Vpc (+5V) 
and does not requirt' a clocking operation on the 
chip enable input. Tliis device is ideally suited for 
low power and high speed applications where tat- 
teiy support for non-volatility is required. 

The pmgom ot Vm mp&eaM&a note is to describe 
the int«»i^ gteuUxy apemU&i of the 5101 and 
to oumiw vaiidos daeuit tei^miques for: batit«y 
supported non-volatile operation. In addition, de- 
signs using the 5101 irill be described and the inter- 
face discussed. 

DEVICE DESCRIPTION 

The 5101 is pin comjMtible with the Intel* 2101 n- 
channel silicon gate iitatic MOS RAM. The internal 
circuitry, however, differs from the 2101 in that the 
5101 is implemented with CMOS technology and 
the 2101 is inndeiirt^ed with n-diannel tedincd- 
ogy. (Howev^^kHwliie 5101 and 2101 are TTL 
oempiiMm^ 'Htec^iyaaiiligiiTation and logic gym- 
b(rf''fQir<ttke*N!^«l^ 4town in Figure 1. Memory 
expandon is dmpUfi^d by the use of two chip en- 
ables CEi and CE2. CE2 may be used to place the 
memory in the ultra low power standby mode com- 
pletely independent of the state of all other inputs. 
In addition, an output disable pin is provided to 
place the internal data output buffers in a high 
impedance state. Thin is particularly useful in those 
systems which have a common data bus. Both the 



PIN CONFIGURATION 
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□ 003 
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□ DI3 
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PIN NAMES 



Dl, ■ DI4 DATA INPUT 


OD OUTPUT DISABLE 


Ab-A, AODRESI INVUTC 


00|- 00« DATA OUTPUT 


R/W READMRITt INPUT 


Vet rowEH t+SVl 


aT,C€2 CHIPENABLt 





output disable and chip enable features will be dis- 
cussed in more detail in the Systems Coi^ctontitws 
section. 

A block diagram tor tbe 5101 is shown in Figuie 2. 
ibe siiemoiy to^' M ananged in a 32 X 32 matrix, 
ins W(ii low {odist'aMteBaes A0-A4 select 1 of 32 
raws; tte tliiee>M^<'^er addresses As-Af adtect 
1 of 8 column sdect lines. Each of tiie-coluam! se- 
lect lines enable 4 of the 32 columns. Figusp 3 
shows a selection ml^rix for the selection of a i^jea 
adcte^ to the 5101. 




Figure 2. 5101 Block Diaorafli 




Figulv 3. S101 Selection Matrix 



FIgural. 5101 Pin ISd^rftguratiBnandLogie Symbol 



As shown in the block diagram, CEi and CE2 con- 
trol the i nput data buffers and output data buffers. 
If either CEi is high or CE2 is low, the data-in and 
read /write buffers are disabled and the memory is 
isolated from the data in inputs. Likewise when 
either or both of the chip selects are in the non- 
select state (see Table I) the output buffers are 
placed in a hi gh im pedance state. When the chip is 
selected (i.e., CEj is low and CE2 is high), the out- 
put disable pin (OD) can be used to place the out- 
put boffem in- a high impedance state. 
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Table I. S101 Output State & Selection MaUix 
OD CE2 SelaetlOn Output 



H 


H 


H 


Dowlactad 


High Imp. 


H 


H 


L 


Desalected 


Hij^ Imp. 


H 


L 


H 


Selected 


High Imp. 


H 


L 


L 


Deselected 


High Imp. 


L 


H 


H 


Deselected 


High Imp. 


L 


H 


L 


Deselected 


High Imp. 


L 


L 


H 


Selected 


Enabled 


L 


L 


L 


Denlectad 


High Imp. 



Device Operation 
STORAGE CELL 

The storage cell used in the 5101 is implemented 
with 6 MOS transistors as shown in Figure 4. The 
six transistors are connected to form a cross-coupled 
latch which acts as the memory element. Note that 
the logic and gating transistors Qi, Q3, Q5, and Qg 
are ri-channel enhancement mode (normally off) 
MOS devices. The load transistors Q2 and Q4 are p- 
channel enhancement mode devices. 




BIT 
SENSE 
LEFT 



V„ (SNDI ROW BIT 

SELECT SENSlE 
RImIT 



Q4-Q5 is fed back to the gates of Q2 and Q3, an 
initial charge of Vcc °i 8^** of Q3 will hold 
the latch in the above state. This logic state (node 1 
at GND) is defined as a "1". The cell contains a 
logic "0" if the gate of Q4 and Q5 is hi^ (Vcc ) 
which puts node (1) at Vcc • Table II summarizes 
the state of the memory cell for a logic "1" and 
logic "0". 

TaMe II. 5101 Memory Call State 



Call State 


Q2 


Q3 


Q4 


Q5 


Logic 'V 


On 


Off 


Off 


On 


Logic "1" 


Off 


On 


On 


Off 



Note that in the above discussion no mention was 
made of any d.c. currents flowing to set the proper 
voltage levels in the latch. This is because there 
aren't any. For the example given, the gate of Q3 
is held hi^ (Vcc ) by device Q4 (the p-channel load). 
Since Q5 is off there is no d.c. path for the current 
to take in the quiescent state. The only current flow- 
ing is the junction leakage currents associated with 
&e source/drain of the MOS devices. This current 
is typically in the nano-ampere range. 

The memory cell is accessed for a read or write 
operation by activating the appropriate row select 
line (i.e. row select is brought to Vcc)- This turns 
on devices Qi and Qe and allows data on the bit 
sense lines to be written into the cell or the state of 
the cell to be interrogated (read) by a sense ampli- 
fier placed on the bit sense lines. For a write opera- 
tion Bit Sense right is set high (Vcc) to write a 
"1" or Bit Sense left is set high (Vcc) t° vnite a 
"0". The opposite Bit Sense line is held low (Vgs). 

ADDRESS BUFFER 

The address buffers translate the low level TTL ad- 
dress inputs (ViL max. = 0.65V, Vjh min. = 2.2V) 
to a CMOS level (high = Vcc. 'ow = Vgs) for in- 
ternal use. The buffer configuration used is^ovm 
in Figure 5. 



Figure 4. 5101 SUraga Cell 



In the following discussion of storage cell operation, 
remember that an n-channel device will be "on" 
if the gate is at a high level (~Vcc)- A p-channel de- 
vice will be "on" if its gate is at a low level (~GND). 
Operation of the storage cell is as follows: 

Assume that the gate of Q3 is at a high level (Vcc). 
device Q3 is therefore turned on (it is an n-channel 
device) while device Q2 is turned off (it is a p- 
channel device). Node (l)is therefore pulled to Vgs 
(ground) and cross-coupled back to the gates of 
devices Q4 and Qs. This low level on node (1) will 
turn device Q4 fna mA Qtg a£f. Sinee <lie oatpiut ci 



1ST STAGE aNO STAGE 

I 1 




L J' J 

Figure >5t. SWI TTtitdlcMliW BuHnr 



P - MMAHNEL DEVICE 
N - NXHAHNEL DEVICE 
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The first stage of the address buffer consists of a 
NAND gate (Qi, Q3) with control gates (Q2, Q4) 
added to disconnect the TTL address from the 
decoders when the device is not selected (that is, 
CE2 is low). This places the address buffers in a 
standby mode (only leakage currents flowing) and 
eliminates the need to control the state of the ad- 
dles^ during standby. The internally generated 
nal PD n^cb U0ieks|tbe input addresses from Ute 
mUmtkOiemSmi^ gmtinAM Aram CE2 . The second 
«t^p»c|jtnia^.ji9ivpliij^M%»! to fsovide increased 
di^ mtm€ Af aUd 
Note that when the device is in a quiescent state 
no d.c. current is being drawn by the buffer. There- 
fore, the power dissipated during operation is very 
small and amounts to only the leakage current as- 
sociated with the somce/dtiia p4i ivmc&oag. ' 

DECODERS 

The row decoders (selecting 1 of 32 rows) on the 
5101 use an AND gate of the type shown in Fig- 
ure 6. To activate thi; selected row decode line, the 
five addresses going to that particular decoder must 
be at a high level and the internal chip select (CS) 
must be high. (Chip select is formed by the logical 
AND of CE2 and CEi). If all address inputs to the 
decoder are hi^, a low is placed on the gates of 
the iwmaetet bvit& (devices,^ and Q2) which will 
tma Qi <^ and Qsf im. The selected row decode 
line is thereby brou^t high, turning on the appro- 
priate gates in the selected memory cells. If the 
device is not selected, then CS forces all row de- 
coder lines low which disables any access to all 

memi^ceUs. , , j,- 

.ill -jli m r. . - 'Jjj-j 




P = P-CHANNEL DEVICE 
N = N-CHANNEL DEVICE 
CS = CEI ■ CE2 




P-FeHANHB.DEMGE 



Figure 7. 5101 Column Decode 



Figure 6. 5101 Row Decode 



INTERNAL DATA SENSING 

A simplified schematic of the 5101 column sense 
amplifier is shown in Figure 8. The sense ampUfier 
is constructed in an AND configuration with the 
I/O left hne of each column of memory cells 
AND'ed with a particular column decode (devices 
Ql and Q2). The line to the output buffer, Ob, is 
held at Vcc by device Q3 unless both the I/O left 
line and the colvimn decode line (for that particu- 
lar eolwon) ate b«i$trl^b#<>gle "0" in liieiaemoiy 
cdl). In <Ub eiise^ the output of the seme ■mgiWffler 
Ob iriU be dtiviSB to a lom level (d^^ above 
GMD). Fm t^mij^, if tBmiaty cell *'M" Otomu in 
Figioe 8 Gontateied a "0" (I/O left high) ihim Og 
would be low. Howevor, if "M" contained a "1" 
(I/O left low) then Ob would remain hi^. 

Devices Q4 and Qe shown in Figure 8 are used as a 
load on the particular I/O line. The n-channel de- 
vices (Q5 and Q7 ) are used to limit the lo^c swiAg 

on the I/O lines. 

Data is written into the memory cell by the circontey 
shown in Figure 8. Note that the I/O right Une goes 
hi^ only when a logic "1" (high level) is applied to 
the data-in input Qi^,seleete4 device during a write 
cycle. Tto I/O liM ^e, h&ifmet, goes hi^ when 
eitfa^'^Jbsr is o» the data-in itq^ or the chip is 
non-8^ec|ed. (liecall that f<» k fttm-seSedsed de- 
vice, all tow sele^ me at tiie nonrsdected state, 
i.e. low level.) 



The column decodei-s use a NOR type gate shoven 
in Figure 7. The selected column decode line goes 
high if the 3 addresses (A5-A7) being decoded are 
all at a low level. Note that the internal column de- 
coder uses only three address inputs. These three 
inputs select 1 of 8 separate decode lines. Each of 
the 8 decode lines select 4 columns for each word 
addressed. 



OOTMJT BUFFER 

A simplified schematic for the 5101 output buffer 
is shown in Figure 9. As shown in this figure the 
output buffer is implemented vdth complementary 
n-channel and p-channel drivers. For this type of 
driver, the gates of devices Qi and Q2 must be at 
the same logic level (hi^ or low) so that pne of 
these devices is on while the oilier is oft for a nor- 
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mal read operation. However, ,when the chip is de- 
selected (the intemd CS is low) or output disable 
is hi^, both Qi and Q2 are turned off and the 
Data Out output goes to a high impedance state. 




, 1 OUTPUT 



Device SpecificatioiH 
READ CYCLE 

Minimum timing for a 5101 read cycle is shown in 
Figure 10. This timing diagram shows the relation- 
ship of all necessary control signals required for a 
read cycle and is for a general application. How- 
ever, if the user has certain flexibilities in his sys- 
tem, other modes of operation are possible. 

For tiiose systems which have separate data inputs 
and outputs in the memory array, the output dis- 
able input (pin 18) may be tied low. Also, if the in- 
put and output pins of the 5101 are not OR tied 
to any other device both chip enable inputs may be 
held true (i.e. CEi is held low and CE2 is held high) 
while the addresses are being cycled in any order 
for a series of read cycles. For this case, the read/ 
write input must be held high throughout the read 
operations. However, when operating the 5101 with 
CE2 held high, it is necessary to control the voltage 
level of all inputs if ultra low power dissipation is 
desired. The ultra low standby power can be a- 
diieved with CEi only deselected (i.e. at a hi^ 
Jeyel) by holding all address, chip en^Ie, data-in 
and lead/writftupg^uts to one of the faOpwing levels: 

1. Vta <OJV 

2. Vta > Vcc-H)^ 

Note that CEi may be tied low, if so desired, and 
the ultra low standby power controlled only with 
CE2 (i.e. CE 2 < 0.2V, all other inputs in a "don't 
care" state). The definition of terms outlined in 
Figure 10 is contained in IVible m. 



Figure 8. 5tD1 Column Sense Amplifier 
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Table III. Rod Cy< te A.C,.QiaraetMiitiei. Ta- (f Gto 70° C, Vcc ° SV t5% unless otherwise specified. 



Symbol 




Parametef 


Min. 


Typ. 


Max. 


Unit 


Test Condftitaa^ 




Read Cycle 


65D 






ns 


Input Pulse Levels 
+0.65V to 2.2V. 

Inniit Piilc0 Ricp 3rtH 

III Mu L 1 U 1 IX 1 a 1 IVJ 

Fall Times 20 nsec. 

Timing Measurement 
Reference Level 1.5V. 

Output Load 1 TTL 
Gate and Cl=100pF. 




Access "ime 






650 


ns 


tcoi 


Chip Enable (CE1) to Output 






600 


ns 


tc02 


Chip Enable (CE2) to Output 






700 


ns 


too 


Output 


)t$able To Oulput 






350 


ns 




Data Oil 


Eput to High Z State 







150 


ns 


tQMI 


Previous Read Data Valid with 
Respect to Address Change 









ns 


tOH2 


Previous Read Data Valid with 
Respect to Chip Enable 









ns 


lie IV. 5101 Write Cycle A.CCharactariitics. Ta=0°C to 70°C. Vcc = SViSK unless othenMitaqiacifiad. 


Symbol 


ParamiMW 


Min. 


Typ. 


Max. 


Unit 


Test ConditiaM 


twc 


Write Cycle 


650 






ns 


1 nput Pulte^Le«els -' - 
+0.65V to 2.2V. 

Input Pulse Rise and 
Fall Times 20nsec. 

Timing Measurement 
Reference Level 1.5V. 

Output Load 1 TTL 
Gate and Cl= lOOpF. 


tAW 


Write Delay 


150 






ns 


tcwi 


Chip Enable (CE1) To Write 


550 






ns 




Chip Enable (CE2) To Write 


550 






ns 


tow 


DateScibd-^ 


400 






ns 


toH 




100 






ns 


twp 


Write Pulse 


400 






ns 


tyvR 


Write Recovery 


50 






ns 


ti» ~ 


Output Disable Setup 


150 






ns 



WRITE CYCLE 

Minimum timing. Sot a 5101 write c^de is shown 
in Figuie 11. lite ii|>ave£orms 4town in Flgiue 11 
are foe a goaend a|iq^cati<»i of tiie 5101 during a 
write eyde and m^r tte mo^fied to some degree de- 
pending on theu^or^reiiimcemei^. For example, if 
no other data injiutei or jMiijnits are OR tied to^^e 
5101, CEi nuqr be hs^ low, CK2 held hi^ and otit- 
pHtffisa"We1»iiatow.' ' 

However, it is not permissible to hold the read /write 
line low while cycling through addresses for a series 
of write cycles. Attempting to perform a series of 
write cycles in this manner will result in writing 
into multiple fd^ljijtsg ..locations during address 
transitions. s, 

Althoui^ it is not necessary to conform exactly to 
tibe waveforms shown in Figure 1 1 for a write cycle, 
care ^ould be taken to assure all minimtun timing 
ccmstiaintB, VisbeA in Table IV, are adhered to. Par- 
ticular attention shotdd be paid to %y, (address to 
write set-up time), Tcwl and Tcw2- 
Since the 5101 is a completely static random access 
memory, it does not require an edge on any input 
line (e.g. chip enable or address) to initiate^a cycle. 
Therefore, when a device is enabled (i.e. CEj is low 
and CE2 is high) and addresses are changed, time 



must be provided for the row and column decoders 
to settie (T avr) before commencing a write to make 
sure imdesired address locations are not partially 
rewritten by the data on the data input line. 




NUMBERS IN PARENTHESES ARE IN NSEC. 
1. FOR SEPARATE I/O OPERATION GO MAY BE TIED LOW. 



Figure 11. 5101 Write Cyde 
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Table V. D.C. Operating Chai jflljiilliliii ^ C tcr^aPfe Vfle * BV ^ unWM m«aiiUi»fii^tM. 



Symbol 


Parameter 


Min. 


Typ.[ll 


Max. 


Unit 


Test Conditions 


•li 


Input Current 




5 




nA 


V|N=0 to 5.25V 


'loh 


OuQHit High Leakage 






1 


ma 


CET= 2.2V, VouT = Vcc 


■lol 


Output Low Leakage 






-1 




L,t 1 - £.£V, Vq\JJ—\J.\JV 


Icci 


Operating Current 




9 


22 


mA 


■IN "CC except y^c 1 ^ u.u i v 
Outputs Open 


•CC2 


Operating Current 




13 


27 


mA 


V,N = 2.2V Except CE1 <0.eSV 
Outputs Open 


[21 

'CCL 


Standby Current 






15 


ka 


V|N = to Vcc, Except 
CE2 < 0.2V 


V,L 


Input "Low" Voltage 


-0.3 




0.65 


V 




V|H 


Input "High" Voltage 


2.2 




Vcc 


V 




Vol 


Output "Low" Voltage 






0.4 


V 


Iql = 2.0mA 


VoH 


Output "MIgR* Voltage 


2.4 






V 


loH = -1.0mA 



NOTES: 1. Typical values are = 25° C and nominal supply voltage. 

2. Current through all inputs and outputs included in IcCL- 



TablsVI. 5101L Low Vcc Data R«tention Characteristics. Ta = 0°C to 70" C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.m 


Max. 


Unit 


Test Conditions 


Vdr 


Vcc for Data Retention 


2.0 






V 






ICCDR 


Data Retention Current 






15 


ma 


CE2<0.2V 


Vdr = 2.0V 


tCDR 


Chip Deselect to Data Retention 

Time 









ns 








Operation Recovery Time 


tRc'21 






ns 







NOTES: 1. Typical values are 1a = 25° C and nominal supply voltage. 
2. tRc ' ''•Kl Cycle Time. 



D.C. OPERATING CHARACTERISTICS 

The D.C. operating characteristics of the 5101 are 
f^fBn in Table V. IccL (standby current) in Table V 
is emphasized because of its importance in standby 
battery back-up operation. Note that the maximum 
value of the standby power supply current is an ex- 
tremely low 15iuA (and is typically only 0.2/:iA). If 
CE2 is used to control the low power state (i.e. CE2 
< 0.2V), then the state of all other inputs is a 
"don't care." If CEi is used to control the low 
power state, all inputs must be either high or low 
(as defined in Read Cycle section). As is shown 
later, (in the Systems Considerations section) this 
allows the designer maximum flexibility in the de- 
sign of simple battery interfaces to implement a 
battery back-up system. 

As shown in Table V, the 5101 is capable of driving 
a maximimi TTL load of 2mA at an output voltage 
Vol 0.4V. Attempting to sink more than 2mA 
will result in an iiummmi Vql- 



LOW Vcc DATA RETENTION 

Tbe 5101L family of RAMs has ultra low standby 
cunrent and requires only that Vcc be between 
2.0V < Vcc ^ 5.25V to maintain data. As shown, 
these devices are guaranteed to operate in a istand- 
by mode with Vcc a minimum of 2.0V. Table VI 
gives the low Vcc data retention characteristics of 
the 5101L. The waveforms for low Vcc data re- 
tention operation are shown in Figure 12. 

As shown in Figure 12, CE2 must be brought low 
(<0.2V) at or before the Vcc supply drops to 
4.75V. In addition, CE2 must remain in the low 



DATA RETE NTIOW 




Figure 12. tow Data RMtntton Wavtfenm 
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stote fcK a peiipd equal to a read cycle time after 
Voc lendieda miniiBimi of 4<7Sy after ponrer- 
up. R is tefMiriaii^ib note lhat tiie suf^ty vtdtage 
Vcc does not have to be leduced below 4.76y as 
^ip^in Figure 12. Rem^nbor that the standby 
cwae&A IccL is a maximujn of 15nA up to Vcc - 
6.25V. The typical data retimtlQ^. Gjiupent its a iam- 
tion of Vdr (Vcc in data retention mode) is shown 
inMguielS. 




VmIVI 

Figure 13. 5101 L Data Ratention Current Vs. Vqr 

SYSTEMS CONSIDiaATIONS 

Snce ^.MOt la »!0oatpletriy static TTL osmpat- 
iHe .Jim^^m aemem Wit^em^ device requizp^ no' 
iiodim,, igbe^.^spfgjid^dxivw/sense cweuit^, l^e 
dmemi ««a > iim^ tipisiOl as ai^ oik& TTL com- 
patible device. Becatise of the ease witii wUcji the 
SlOl can be used, flos section on Systems bomid- 
ecaticms will concejteate .on circuitry t^odated 
witii battery-supported standby operaticm. Discus- 
sions of any interface bu^ts (if lecpiiiedj^tp a 63.01 
system will be relative to the effect these buffers 
have on the standby power source (e.g. battery) 
and what can be done to minimize the adverse ef- 
fects of the buffers. Additional information regard- 
ing buffers for static TTL compatible RAMs can be 
found in the next section, "Designing with Intel's 
Static MOS RAMs". 

Low Power Standby Operation 

When designing a non-volatile semiconductor mem- 
ory system, the basia requirements can be outlined 
as f (dtmro; - - I - 

1 . Maximum data retention time-battery back-up. 

2. Maximum load current during standby-data re- 
tention mode. 

3. Physical size requirement of battery. 

4. Access/cycle time (operating mode). 

Access time is impoi-tant as it effects the selection 
of address and data Imffers required by the system. 
If high speed operat on is desired, it may be neces- 
sary to use series 74S type gates for the buffers. If 
speed is not of priiiary interest then CMOS type 
buffers may be used. Clearly, TTL type buffers 
will draw considerab y more power than CMOS buf- 
fers if left connected to the battery supply during 
the data retention mode. The battery interface to 
both TTL and CMOS buffers will be discussed in 
the batferay section. 



The required data retention time for battery sup- 
ported standby operation is of primary importance 
in the selection of a battery. The usual trade^ttb 
assoeiated with data retention time are: - 

1. 'Memory size (number of words that must be 
non-volatUe). 

2. Physical battery size desired (determines if the 
battery is to be placed on a printed circuit 
card or is external to the card). 

Within reasonable constraints of memory size and 
data retention time, there are many types and con- 
figurations of batteries that can be used. 

tawtst SmUMsag 

Two basic types of power switching circuits (switch- 
ing between the main supply and the battery) are 
described wtddi axe mimpie fmd ine^yxnifive. 

These two types are: 

1. Diode Coupled 

2. Switch Coupled 

These two types of switching circuits are shown in 
Figure 14. The diode coupled circuit requires the 
main d.c. supply to be above the required Vcc 
voltage by the amount of drop through the diode. 
The diode used should have a low forward drop 
(such as found in Germanium diodes) and low 
sraies resistance. 



Nt-U V. 
BATTERY ' 



MAIN 

D.C. 
SUrPLY 



Vcc TO 
-(MEMORY 



A. Diode COuplad 



BATTEBV- 



MAIN + JT I 
SUPPLY Tl 



Vcc TO 
-(MEMORY 



TRIRIDGE* 
RELAY 



-UJUU Ml 



, B. SwitBh CouRlad 

Figure 14. Pamm Switehing Circuits 
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If it is not desirable to have a power supply voltage 
above Vcc (e.g. existing +5.0V supplies are to be 
used), then a normally open switch can be used in 
place of the diode. The switch is held closed by a 
simple TTL buffer gate as shown in Figure 14 as 
long as POWER VALID is held low. When power 
loss is detected (see Power Loss Detect Section) 
the switch is opened and the battery automatically 
supplies power to the memory array. (Note that if 
the memory is to be used for a short period to load 
memory, etc., sifter POWER VALID goes high a de- 
lay must be included in the switch line to take pow- 
er from the fl^pty twfMe it «bo^ |]^w 4.'7&V). 

Powor Loss Detect 

In memory systems which have TTL interface and 
other control circuitry, it is usually necessary to 
have advanced warning tiiat A.C. power has been 
lost. This allows the orderly shut down oh tiie sys- 
tem and can provide time to store data/records in 
the non-volatile portion of memory. Such a circuit 
is shown in Figure 16. 




Figure 15. Power Lost Datact Circuit 



The detect circuit uses a separate transformer wind- 
ing (available on many power supplies) to provide a 
positive (»+5V) voltage reference to a schmidt 
trigger. A separate winding is used so as not to in- 
terfere with tiie regulation of the nu^ d.c. power 
source. 

Operation of the detect circuit is as follows: 
A high level (» 5 V) is established at tiie input of a 
gdimidt trigger (e.g. 7414) by tiie diode bridge net- 
work and zener Z. Resistor RuMlT is a current 
Umiting resistor between the bridge and schmidt 
taagger inpot network. The Ct combination 
controls the discharge rate of liie input voltage to 
the schmidt trigger when reference power is lost. 
The time constant is used to prevent short (a few 
<7cles) a.c. power loss from shutting down the sys- 
tem. The only restriction on ilie maxiHHim vahie of 



the time constant is the POWER VALID signal 
must go hi^ before the main d.c. power source 
drops below the minimum allowable operating volt- 
age of the main d.c. source. 

In general it is not desirable to combine the power 
loss detect circuitry with the main d.c. power 
source for two reksons: 

1. Adverse effect on d.c. output legulatasii by 
R LIMIT resistor, and 

2. The large decbv^^Eig. Capacitor, Cq, on most 
d.c. supplies. 

The large decoupling capacitor C o will cause a time 
constant which is too large and may no t allow suf- 
ficient time between POWER VALID -going high 
and the main d.c. power dropping below acceptable 

minimums 

Batteries For Non- Volatile Semiconductor 
MeauxoK 

The first place to begin in the selection of a battery 
for a particular application is to analyze those fac- 
tors dictated by system requirements and fit the 
battery to the requirement. Some of these important 
criteria are: 

1 . Load current imposed on battery. 

2. Battery voltage-full charge. 

3. Battery voltiige-end of life. 

4. life of battery under maximum load condi- 
tions. 

5. Environment-temperature range (operating, 
non-operating). 

6. Phy^cd'fK^tots (size, wei^t). 

7. Battery operation. 

Of the seven criteria listed above, the one most 
likdy to be overlooked is the effect of tempemtuie 
on the ct^Muaty and life of the battery .^For many 
batteries commerical grade temperature~"fe(iinie- 
ments (0°C to 70° C) may adverse^ eOect both the 
capability and life of Ihe battery. 

Criteria seven, battery operation, refers to the op- 
erating schedule the battery is expected to meet. 
For example, if the battery is expected to main- 
tain data only on a.c. power outages vAidi are as- 
sumed to be rare, then a rechargeable battery 
(secondary cell) with a Aow recharge rate may be 
selected. For this case, it may even be desirable to 
use a non-rechargeable battery (primary cell) with 
battery replacement scheduled at appropriate in- 
tervals (six months to 1 year). 

However, if the system is operated in a mode wfaoe 
power is turned on in the morning and off in the 
evening then fast rechargeable batteries (with ap- 
propriate recharging circuity) may be required. 
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In the evaIuKt3x» of be seven criteria listed pie- 
vioDdyt om M^1Sm^& it mmtfi to be det^n^ed is 
what of iMMery is to be used in the system. 
The chart shown in 1 ible VII outlines tile charac- 
teristics of various stc rage cell types. Consider first 
the primary type. 

PRIMARY BATTERIES (NON-RECHARGEABLE) 

The iQHiS I6f pUklii^'bisgbes in a memory system is 
usually limited to those systems wliich require stand- 
by data retention infrequently or where very hi(^ 
battery eapadMct (mk-hr) and very small battery 
physical rize are' required. For these cases, both 
mercury and silver-oxide batteries offer large capac- 
ity combined with very small phsyical size. The 
small size of these batteries is shown in Figure 16 
for a silver-oxide battory (llOmA-hr). 




Figure 16. Silver-Oxide Bunon Cell 



Typical voltage discharge curves for silver-oxide and 
mercury batteries are shown in Figures 17 and 18 
respectively. Note that in both cells, the cell volt- 
age remains nearly constant during discharge — a 
highly desirable characteristic. In addition, the 
mercury cell generally has greater capacity for a 
given size as compared with a silver-oxide battery. 

Carbon-zinc batteries offer the lowest cost of any 
primary battery described, but suffer from a severe 
degradation of output voltage as a function of use. 
This characteristic makes carbon-zinc batteries un- 
desirable for most standby power applications. . . 

AQuIiiie liMSfeiiis a taaSh bt/mee m^mije 
cfaaracteristfc ti^ mtbou'i^Bc, but are not qidte as 



SOURCE: MALLORV BATTEHY CO. HATED CAPACITY - leOmA HR. 

RATED CAPACITY AT 2.SmA 


5.0mA ' 
DRAIN \. 

1 


2.5mA . 1 

1 


l,5ii.A 1 

1, i 



HOURS OF SERVICE AT TCF 



Figure 17. Silver-Oxide Cell Typical Voltage 
Diielwge C^rastMittics 



sm 



SOURCE: MALLORV BATTERY CO. 




RATED CAPACITY - SOOmA HR. 
RATED CAPACITY AT lEmA 



HOURS OF SERVICE AT TT F 



FIgura 18. IVIercury Cell Typical Voltage 
Discharge Characteristics 



good as mercury or silver-oxide. The relative low 
cost of these batteries can make them attractive 
for use in some systems applications. 

Both carbon-zinc and alkaline batteries are dis- 
cussed in detail in the Eveready Battery Appli- 
cations Engineering Data handbook (see Biblio- 
grafdiy 3). It is emphasized that adequate attention 
ihQi^d .pti ^jifm^t(id,fff,^ output voltage diaracter- 
istics of these two batteries before using them in a 
standby power application. 

Because of printed circuit board area limitations 
smi^ battery size is usually the reason for selecting 
a primary cell for battery support. In this case, it 
may be desirable to limit the number of cells in a 
particular system to one. However, this requires that 
a voltage boost circuit be used in the system to 
achieve a minimum sustaining voltage of 2.0V at 
end of battery hfe to operate the 5101. Sudi a boost 
circuit is shown m Fig^ire 19. 




INPUT 
OSCILLATOR 



Figure 19. Basic Voltage Boost Gieult 

"Voltage Boost 

Operation of the voltage boost circuit is as foQows: 

The input to Qi is a low dul^-cyde g^pial. this sig- 
nal tixcDS Qi on Cdddiqf eucient liuoiigh' iticHiStai^& 
Wuea Qi is turned att, current i cannot diange 
instantaneously and is cUverted through diode D, 
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Table VII. Banery Characteristic! 



PRIMARY TYPE (NON-RECHARGEABLE) 



[11 



Cell Construction 


Cell Voltage (Typ.)'^' 


Coirttnsnts 


Carbon-Zinc (Leclanche) 


1.5 


Lowest cost; discharge charsctBTtsttcs may bs tnadsquate for some systems 


Silver-Oxide 


~ 1.6 


Good for low temperature operation, discharge characteristic excellant for 
most system requirements 


Mercury 


1.4 


Good for high temperature operation, discharge characteristic excellBnt for 
most systems, long shelf life 


Alkaline 


1.5 


Good efficiency for use with systems requiring total battery operation 


II. SECONDARY TYPE (RECHAROeABLE) 




Call Construction 


Call Voltais (Ty|i.l 


Comments 


Nickel-Cadmium 


1.2 


Excellent all around characteristics for battery back-up, widely used 


Laad-Caicium 


2.0 


Excellent all around characteristics for battery back-up 



[11 



(2) 



Some information in this talile condensed from "EVEf^EADY" Battery Applications and Engineering Data Handbook copyrighted 1971 
by Union Cert>kJe Corporation. 

Cells can be put in series to obtain multiples of basic cell voltage. 



charging capacitor C. The voltage to which C 
charges is a function of the capacitance C, load Rl 
and zener Vz. 

In order to minimize the load on the battery and to 
maximize the efficiency of the boost circuit, it is 
necessary to turn on Qj only for the minimum 
amount of time which will still maintain the de- 
sired output standby voltage. Such a circuit is useful 
only if there is a way to power the input oscillator 
required for Qi off the same battery VgB- Such a 
circuit is shown in Figure 20. The 5801, shown in 
Figure 20, is a low voltage CMOS oscillator made 
by Intel (used extensively by Microma, an Intel 
subsidiary). The output of this oscillator triggers a 
CMOS single-shot which in turn drives the voltage 
boost circuit shown in Figure 19. Note that the 
5801 is powered by the battery (Cell voltage = 
1.5V) and ilie 4047 (CMOS sin^e-shot) is powered 
by the boosted Vcc'. It is, therefote, necessary to 




OSCILLATOR 
OUTPUT 
(TO Q, INPUT 
SEE FIGURE 19 



Figure 20. Voltage Boost Oscillator Circuit 



assure that the standby voltage Vcc does not fall 
below 3V (minimum 4047 operating voltage) be- 
fore starting the oscillator circuit. A power loss 
detect circuit can be used to warn of an impending 
power down condition and allow the boost dicuit 
to be turned on in time to hold ihe Vcc voltage to 
s3V. 

As stated previously, the power conversion efficien- 
cy of the oscillator and voltage boost circuits should 
be maximized to minimize the current drain on the 
battery. The efficiency of these circuits is largely a 
function of the duty cycle of the oscillator. Figure 
21 shows the waveforms of the input signal to the 
vcdtage boost dicuit and the cwxoit. i throu#i in- 
ductor L. A summary of the data in Figure 21 is 
diown m the graphs of figure 22. Note that the 
curve of Vcc'levels out at 4.0V, this is tiie restdt of 
the clamp zener Vz (Figure 19). Also note that the 
efficiency is markedly decreased as the input pulse 
to Qi is lengthened. For a given duty cycle on Q i, 
the efficiency of the voltage boost circuit will in- 
tatease if the load cunent is seduced. 

SECONDARY BATTERIES (RECHARGEABLE) 

As outlined in Table VII there are two basic types 
of rechargeable batteries ideally suited for memory 
system standby power-down operation. Nickel-Cad- 
mium (Ni-Cd) and Lead-Calcium (such as Gel/ 
Cell® ). This section will outline some of the salient 
features of eadi type. No attempt will be made to 
compare tlie two for general operation. It is rec- 
ommended that &e system desigaet inter&ce di- 
rectly witii Hie battenr manufacturer to obtain 
guaranteed specification data, operating limitations 
and safety t^iecaraHoiitg <^ any). 
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OSCILLATOR 
INPUT 




LOAD CURRENT =30>iA 




Nickel-Cadmium 

Nickel-Cadmium batteries are available in a wide 
variety of capacities (mA-hr) sizes and styles (see 
Figure 23). The styles include button, cylindrical 
and rectangular cells and may be placed on the mem- 
ory printed circuit csird or in the same enclosure as 
the main d.c. power supply. (Enclosing the batteries 
in with the main d.c. supply is usually done only 
in IiH^|^«i|<^'f(|^^^ili^a^ 

There are many manu&cj^jOff^ j||^vba|tei^ 
who can supply the desiiitd feoliny eioMl^jpiiRltoni. 
Aw«E^plaMtobe^looliisgl{»ls1^^ t^^^mz. 
igi Beettonic Buyers GuidB^, 0if^3^mi^^ fnri^cap 
tidiui^ (Alio aee bibUbgeqifajr.) 



z 60 



? 3.0 

o 
> 

S 2.0 













Ilo«>"=** 






^EFFiaENCV 






1. ' 1 1^ ■ 



INPUT PULfE WIDTH (pSEC) TO Q, 

Figure 22. Booit Qreuit Output Vottage and 
EMdnifV Vs. IniMit Pulw Width 





F|pin23. SiZM of 



Electrical Characteristics 

Glectlical characteristics such eis capacity (mA-hr) 
and cell voltage as a function of discharge rate for 
Ni-Cd batteries are temperature dependent. It is 
important for the designer to realize that hi^ sys- 
tem operating temperatures may have an adverse 
effect on battery life and capacitance even though 
the battery is not expected to be called on to pro- 
vide standby power at those teq^iot^ppy . .., . 

Aa eiM^ of Hie ^fect of ten^ieritate mmttsti^ 
figute 24 tot two types of Genaial EteeWitea^Cd 
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CELL CASE TEMPERATURE °C 



teries should not be stored in a charged condition 
for an appreciable length of time. Therefore, before 
inserting these batteries into a system or after the 
system has been powered down for an extended 
time (i.e. no trickle charge available and batteries 
disconnected from load) care must be exercised to 
assure that the batteries have sufficient charge to 
perform in a power down standby mode. In addi- 
tion, when calculating the capacity of the battery 
for a particular load, the self discharge chjiracter- 
istic of the battery must be included. This self dis- 
charge rate can be as high as approximately 7%/day 
loss of capacity at 50°C to an average of 1%/day at 
room temperature (25°C) for Ni-Cd batteries. 

The discharge characteristics of Ni-Cd batteries are 
flat, making them ideal for use in memory systems 
requiring standby power. The general shape of such 
characteristics is shown in Figure 25. Note that no 
scales are given in this figure because the output 
voltage as a function of time varies between manu- 
facturers of Ni-Cd batteries. The curves are shown 
to demonstrate the flat voltage characteristics at end 
of battery capacity for Ni-Cd batteries. 




120 
110 
100 




40 

30 



20 30 <0 SO *<> " 

CELL TEMPERATURE TC) 

NOTES: 

(1) INFREQUENT DISCHARGE, EXTENDED PERIOD 
OF OVERCHARGE. 

(2) FREQUENT DISCHARGE. 



Figure 24. Ni-Cd Banery Capacity as a Function 
of Temperature 



of overdtarging, condition (1), the other for fire- 
quent disch^ige, condition (2). In most memory 
applie*tion» «»nditi<Mi (1) will apply, vhii^ k the 
cond^on for majdmtim capadty as a function of 
temperature. 

Ni-Cd batteries also have a self discharge character- 
istic which is a function of temperature. One result 
of this characteristic is that these types of bat- 



Figura 25. Ni-Cd Voltage Discharge Characteristic 



Since the single cell voltage of a Ni-Cd battery is 
approximately 1.2 volts (as shown in Figure 25), it 
is necessary to boost the voltage with external cir- 
cuitry (discussed previously) or stack the cells in 
series to obtain ijie proper operating voltage for 
the 5101L. If it is desired to stack the cells in series 
to obtain a higher voltage, care should be exercised 
to assure that the cells are reasonably matched. 
Cells which are not matched can cause problems 
during charging when placed more than three in 
series. Most manufacturers will provide Ni-Cd stacks 
of the desired size which should be adequately 
matched to avoid any charging problems. It is im- 
portant to discuss this phenomenon with the bat- 
tery manufacturer if seww9t1#<!d bacttexies are to 
be used in series. 
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TnelsiB .Charge Nickel-Cadmium 

Ni-Cd batteries used as standby support power for 
memory systems shotJd be provided with a con- 
tinuous charging cunent from the main power 
source. This assures thiat the self discharge charac- 
teristic of the battery does not deplete battery ca- 
pacity. The trickle ch.irge current should be a con- 
stant current at a rate of one-tenth the total battery 
capacity (e.g. a 400mA-hr Ni-Cd should be trickle 
charged with 40mA current). A simple trickle 
charger is shown in Figure 26. If the system is to be 
operated at hi^ temperature, care should be taken 
to assure that the maximum battery cell tempera- 
ture is not exceeded dotting charging. 




MArN 

O.C. 
SUPPLY 



U ■ CHARGING CURRENT 
WHEN BON 

R, . ^"jl!^ WHERE C - BATTERV 
•'E CAPACITY 



A. DiodaCoMpM 




-«MM 
EtA* 

B. SMitch Coupled 
Figure 26. Ni-Cd Tridde Charger 



Fast Charge Nickel-Cadmium 

Some Ni-Cds can be charged at a much faster rate 
than that described above. However, the charging 
current must be monitored and reduced to trickle 
charge when the battery is fully charged. Failure 
to properly handle the chai^g of Ni-Cd batteries 
can present safety problems. The manufacturer 
should be consulted for recommended fast charge 
techniqimk 

Lead-Calcium 

Lead-caldnm batteiiBS are also Uleally suited 
use as a standby pmrer source for seadicQttdM»ir 
mcnories. A popikaf brand of lead-calidum^ is 
the Gel/Cdl* madejby Globe Battery (Gel/GUI* 



is a lei^teied bmSsmatk of Oobe-lMoat. 
types of batteri^ have several hl^ly KeaOiide 

characteristics such as: 

1 . Small size-tp-capacity ratio. 

2. Low standby self^discharge clMa»GteiMic8e,. 

3. Flat operating discharge characteristics. 

4. No ^rmanent cell reversal. 

' 5. t^od Op^ting temperature range. 

Several manufacturers supply lead-calcium type bat- 
teries. However, for the purpose of this application 
note only the diaracteristics of the GeI/CS|U* , i^dll 

be discussed. 

Gel/Cell® Characteristics 

A small Gel/CeU® battery is shown in Figure 27. 
The nominal cell voltage of this type of battel^ is 
2.0 volts (the capacity of the battery shown is 1 
amp-hr). This battery is ideal for use in those sys- 
tems having a relatively high discharge load (~ 1mA). 
The output discharge characteristics are shown m 



Photograph courlpsy of Globe Bstleiy. 




Figure 27. G«l/Cdr LMMKMeitftn Battery 




OPEN CIRCUIT VOLTAGE: 2.12 



VOLTAGE VS. TIME 
FOR VARIOUS DISCHARGE CVCLES 



2 4 SStO J20 .40^ .2 4 6S101$20 



O^XKT&ft'. OLOBE BATTEfty GO. 



Fi9ure28. G<I/C«U* Voltage Discharos Charactwittios 
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Note that the minimum discharge rate shown in 
Figure 28 is a hefty 45mA. At this rate the battery 
can supply power for 20 hours. At the rate of 1mA, 
this battery will last 1000 hours or approximately 
6 weeks. Lower discharge rates will of course in- 
crease the battery life time proportionally. 

These types of batteries are optimally used in sys- 
tems having a large current drain. Althou^ the 
batteries are indeed very small for a given capacity, 
Uie cell voltage is a nominal 2.0 volts which is the 
minimum acceptable for maintaining data in the 
flOlL. Therefore, either two batteries are required 
^e^es connection) or the voltage boost circuit de- 
scribed earlier must be used. In those systems hav- 
mg very small current drains in standby, the addi- 
tion of a second battery will most likely take up 
too much room on the p.c. board. For these sys- 
tems other types of batteries are recommended 
(such as Ni-Cd, Mercury, etc.). 

Capacity of a Gel/Cell® as a function of tempera- 
ture is shown in Figure 29. As is shown in this fig- 
ure, at low temperatures the battery loses a great 
deal of capacity. Therefore, when designing sys- 
tems using this type of battery, proper attention 
will have to be paid to the environmental tempera- 
ture extremes expected in the system and proper 
battery selection made. 



20 HOUR RATE 
6 HOUR RATE 



% HOUR RATE 




-WF -40"F -4*F 3?F OTF Wf Wf 
MMENTTEWEIUHVIIE 

Figure 29. Gel/Csll* CtfmSltf Wt, flmiMiatiira 



Trickle Charge Lead-Calcium 

Unlike Ni-Cd batteries, which accept a constant 
current trickle charge, the lead-calcium battery is 
trickle charged by a constant voltage source. The 
voltage required is 2.25 to 2.30 volts per cell. At 
this voltage, referred to as the float voltage, a Gel/ 
Cell® will accept only the amount of charge nec- 
essary to m a in ta in ^|^|^.' 

The implementation of a trickle charger for lead- 
ealcium batteries in a system is not as straight for- 
ward as for Ni-Cd batteries. A simple chai^ is 
Aown in Figure 30. In this figure, the "float" volt- 



age is maintained by zener Z, and potentiometer 
P. The potentiometer is used to adjust the voltage 
at node (1) to the proper level (2.25 to 2.30 volts 
per cell). Most zeners are accurate to no more than 
±5% which is not adequate for the desired "float" 
voltage. Diodes Dx and D2 isolate the battery and 
power supply firom each other. 




Figure 30. Lead-Calcium Triclde Charger 



It is important to select a very low leakage zener 
(Zi) to minimize the parasitic load on the battery 
during power down operations. Indeed, it may be 
desirable to insert a normally open switch at loca- 
tion (A), Figure 30, to disconnect the zener from 
the battery during standby opoation. The switdi 
would be controlled identicaHy to Si , as shown in 
Figure 30. 

It is clear from the example given that providing a 
trickle charge to a lead-calcium battery and having 
the battery ready for instantaneous operation is 
more complicated than for Ni-Cd batteries. Other 
charging methods are available (see bibliography 4) 
but they all require that the battery and system 
voltage be identical and in 2 volt increments. Since 
operation of the 5101 is 4.75 <Vcc <5.25 and 
standby operation is 2.0 <Vcc <5.25, the charger/ 
supply combinations described in the reference 
have limited value for the present applicaticnis. 

Summary: Lead-Calcium 

Lead-calcium batteries are particidariy useful with 

those systems which have a relatively high standby 
discharge rate (greater than 1mA). The high energy 
density of these batteries also lend themselves to 
providing power in normal operation (taking into 
account Vcc requirements of the 5101L) of some 
systems. 
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The primary disadvantage of lead-calcium cells is 
the relative complexity of supplying a trickle charge 
to the batteries in those systems where the standby 
voltage is lower than ^e operating supply voltage 

Vce. 

System Im^temeatatiolk 

The 5101 is an extremely easy to use static RAM. 
No refresh timing is required, only one power sup- 
ply (+5V) is needed, and the device is fully TTL 
compatible. In addition, current transients on the 
Vcc (+5V) pin are minimal and require no special 
decoupling techniques. Therefore, this section will 
concentrate on interface techniques to the 5101 in 
order to minimize the power in power down/stand- 
by applications. 
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The discussion on int<!rface techniques to the 5101 
is illustrated with a 1024 word X 16 bit system 
shown in Figure 33. The memory array is con- 
figured as shown in Figure 33. Note that for a read/ 
write access one of fcur columns is enabled by one 
CE2 (CEjA, CE2B, CEjC, CE2D). The other chip 
enable (CEj) and the output disable pin are tied to 
ground to simplify the layout. All corresponding 
addresses are bused together and driven by one 
buffer as are the read /write inputs. Data in and data 
out pins are OR tied along a given row. Access is 
then simply a matter of providing the correct ad- 
dress (A0-A7), selecting a read or write function 
and enabling the .proner row. Two simile methods 
for providing 1^:|iCop% CE2 signals are shown in 
Figure 31. 

TTL Interface 

Interface circuits sho jvn in Figure 33 can be imple- 
mented vrith either CMOS or TTL devices. If access/ 
cycle time of the memory system is to be minimized, 
then series 74 or 74S type TTL can be used. How- 
ever, for power down operations where a battery is 
used for back-up power the Vcc (+5V) supply to 
these TTL devices must be independent of the Vcc 
supply to the memory array. This is most easily ac- 
complished by a slig!it modification to the power 
supply diagram shown in Figures 26 and 30 as modi- 
fied in Figure 32. As shown, when the main supply 
V„, goes off, switcw Si is opened (isolating Vm 
from the memory devices). 



The state of the 
disable and data-in ti 
in a "don't care 
down operation. Oi 
(<;0.2V) for the Iff 
interfiuw drivers, a 
maintain CE2 at 
removed from the 



, read/write, CEi, output 
the 5101 memoiy aisray are 
iQdition im standby/power 
CE2 is required to be low 
pawtx state. For CE2 TTL 
itrar to ground is required to 
proper level when power is 
ies 74/74S gates. The resistor 



value required is calcukted by considering two re- 
quirements: 

1. CE2 high (Vm >2.2V) during operation. 

2. CE2 low (ViL <0.2V) during stmdby/pow^r 
down. 

The first requirement above is determined by the 
maximum source current capability of the TTL 
drivers (Iqh) allowed which guarantees the proper 
hi^ level output. Requirement 2 above Is a func- 
tion of the maximum leakage on the CE2 line from 
the four 5101 devices driven by the CE2 line. The 
range of values for the pull down resistor is 6.2kQ 
<R <50kn for Series 74 drivers. 

The POWER VALID input signal (shown in Figure 
33) is derived from a power loss detect circuit. The 
power loss detect circuit should be able to detect a 
power loss before the output Vcc f^lls below 
4.75V (lowest guaranteed operating power level for 
TTL circuits). A power loss detect circuit to im- 
plement the POWER VALID signal is discussed in 
the POWER LOSS DETECT section. 
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Figure 31. Chip Enable Generators IK X 16 Memory 
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Figure 32. Power Dittribution for TTL and 
CMOS Interface 
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Figure 33. IK X 16 5101 Memory System 
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CMOS Interface 

Using CMOS circuits to interface to the 5101 mem- 
ory array eliminates the need of switching out Vcc 
to the interface during power down /standby. The 
ultra low power CMOS interface will dissipate ap- 
proximately the same power as the memory aixi^ 
(assuming IK X 16) aad can easily be handled by 
the back-up battery. 

Photos of CMOS waveforms driving the IK X 16 
5101 memory array are shown in Figure 34. Also 
included in the photo is the noise generated on the 
Vcc supply during operation. As is shown, noise 
on the power line is virtually non-existent. 
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IK X 16 MEMORY ARRAY LAYOUT AND CARD 

ASSEMBLY 

The layout used on the 5101 IK X 16 system de- 
scribed previously is shown in Figure 35. Note that 
Vcc ground are distributed in a grided matrix 
and decoupled as shown. More decoupling was used 
in this system than is ordinarily required so the de- 
signer can use his own judgement in this regard. 

The ik X 16 memory card mod was configured 
per the diagram i%<Figuie 36. N^ce that the card 
is comfdetely sdf contained for standby /power 
down operation with the battery included on liie 
card. With this configuration the card can be im- 
plugged, transported to another location (with data 
being maintained by batteries) and operation re- 
sumed. 




Figura 34. CMOS Intarfacs Drhrar Wwafonm 
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DRIVERS/ 
SUFFERS 



1XX16 
MCMORVMIRAy 



I CE2, 



READ/WRITE DRIVERt LEFT CE2, READ/WRITE DRIVERS RIGHT 



J L 



Figure 35. 5101 IK X 1^ Array Layout 



Rgura 36. Dual IK X 16 5101 Memory Card 



5101 ORGANIZATION ADVANTAGES 
The organization of the 5101 as 256 words X 4 bits 
has distinct advantages over memory devices orga- 
nized as 1024 words X 1 bit in many systems appli- 
cations. These applications include terminals, CRT 
displays, microprocessors and others which have 
most (or at least a portion) of their memory ex- 
pandable in 256 or 512 word increments. For these 
cases, the number of devices required for a 256 X 4 
memory device is much smaller than for a 1024 X 
1 memory device. 

SUMMARY 

There aie vaaay selections of 5101 256 wt»d X 4 
bit devices avidable. l^Me Vm is the product se- 
' lection gmde fi» tbis family of devices. As shown, 
the designer has a wide range of choices in select- 
ing the device most suited to his particular require- 
ments. 
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Table VIII. 5101 Product Selection Guide 



PART 


STANDBY 


+2V 


ACCESS 


NUMBER 


CURRENT 


POWER DOWN 


TIME 




NA/BiT 


OPTION 


(NSI 


5101-1 


15 


No 


450 


5101 L-1 


15 


Yet 


450 


5101-2 


200 


No 


450 


5101 L-2 


200 


Ya« 


450 


6401 


15 


No 


mo 


6101 L 


16 


Ya 


660 


SI 01 -3 


200 


No 


650 


5101L-3 


200 


Yai 


650 


5101-8 


500 


No- 


800 


•M5101-4 


200 


No 


800 


•M5101L-4 


200 


Yet 


800 


•M5101-5 


1000 


No 


800 


■M5101 L-S 


1000 


Yet 


800 


^•mp Rang* —65 to +126*0 
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INTRODUCTION 

Intel's introduction of reliable, low cost, static, 
high-density MOS RAMs has done much to stimu- 
late the use of semicoaductor memory in new and 
unique applications. These RAMs, which do not 
require special refresh or timing circuitry, are used 
With as much ease as the standard TTL gates. 

The Ijitel-fiainiscof static high-density MOS RAMSi, 
shown in Wsklm^I^ ioit^ ^ system dsesigoer ' flexi- 
bility in fliemoiy configuration, speed and ease of 
use. The devices in this family are directly TTL 
compatible in all lesp^i^: inputs, putput(s) and 
power supply, laistt^ orcuits asce designed for 
full DG sta^Uy iequiiteg bo dodcs or is&e^img 
to operate. Tliese static RAMs are maav^etuced 
with Intel's reliability proven N-channel sitidOB^ 
gate and CMOS silic6n gate process. 
The purpose of this appUcation note is to outUne 
the internal operation of these static RAMs, how 
they are used, and to present system design con- 
siderations in their use. In addition, suggested 
layout configurations for larger memory systems 
and techniques for reducing power dissipation 
durii^ standby wiU be discossied. 



and data I/O lines and ace discussed separat^y 
under the heateg for each dieftmre type. ' 

Gcacsc^Pevice (^ration 

Each of the Intd N-channd static RAMs tttiUte a 
DC stable six transistor cell configuiatioh for^^iiB 
staage mcditini. Tbe . storage cdte are ariai^ed in a 
32x32 satiix. as s^wniit Figure 1. Data selection 
Ottj Ae^ 1024 X 1. devices is accomplished by the 
coincidence of a row select (A0-A4, 1 of 32) and 
column select (A5-A9, 1 of 32). For the four bit 
wide configured RAMs, the selection is made by a 
row select (Ag— A4, 1 of 32) and four column 
selects (A5-A7, 4 of 32). The data contained in 
the selected cell(s) is sensed, buffered, and pre- 
sented to the data out pin Dq. In all devices the 
polarity of data read from memory is the same 
polarity as the data written into memory. 

Storage Cell Operation 

The two types of storage cells used in the Intel 
static RAM family are shown in Figure 2A and 2B. 
Static RAMs suffixed by "A" (e.g., 2 102 A) utilise 



DEVICE DESCRIPTIONS 

As shown in Table I, there are two data organiza- 
tions in the Intel static RAM family— 1024 words x 
1 bit and 256 words x 4 bits. The memory devices 
organized as 256 words x 4 bits are available with 
separate data input and output pins with an output 
disable pin (22 pin DIP), combined input/output 
pins with an output disable pin (18 pin DIP)i and 
combined input/output with no output disable pin 
(16 pin DIP). 

The sections on Device Operation detailed below 
describe the internal circuits which are common to 
both the 1024 word x 1 bit devices and the 256 
word X 4 bit devices. The operational differences 
between the devices in the static RAM family are 
Umited to the logic state and timing of chip enable(s) 



*3- 



MEMORY 
MATRIX 
(32X32) 



Figure 1. Simplified Memory Block Diagram 



Table I. Intel Static MOS RAM Family 



INTEL 


CONFIGURATION 


DATA 


OUTPUT 


NUMBER 


POWER DOWN 


NUMBER 


PART NUMBER 


(WORDS X BITSi 


IMPUT/OUTPUT 


DISABLE 


CHIP ENABLES 


CAPABILITY 


PACKAGE PINS 


2101A 


1024 X 1 


SEPARATE 


N/A 


1 


NO 


16 


2102AL 


1024 X 1 


SEPARATE 


N/A 


1 


YES 


16 




. . 2S6 X 4 


SEPAR^T^ 


YES 


2 


NO 


22 


2111A 


266 X4 


COMMOM 


YES 


2 


NO 


18 


2112A 


KSX4 


COMMON 


NO 


1 


NO 


16 


5101 


256 X4 


SEPARATE 


YES 


2 


YES' 


22 



'Extremely tow standby current at 15.4 ua total. 

(II (CMOS) 
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depletion mode load devices, which are normally 
"on" (Fig. 2B). (Earlier product designated with- 
out the "A" suffix (e.g., 2102, 2101, etc.) utilize 
enhancement mode load devices which are normally 
"off [Fig. 2A] .) The basic operation of these two 
types of cells is similar in the manner in which 
data is written, stored, and retrieved. The differ- 
ences between these cells will be discussed later. 

Consider the storage cell shown in Figure 2A. Data 
is stored as a charge on the gate of either Q3 or Q4 
(which determines the logic state of the cell). The 
voltage on the charged node is approximately 
^CC ~ ^TH (where Vjjj is the effective threshold 
of the load devices) and turns Q3 or Q4 on. By 
definition a logic "0" is stored in the cell if Q3 is 
on and a logjc "1" is stored if Q4 is' on. If it is 
assumed that Q3 is on (logic "0" stored) then 
current will flow from the load on Q3 (device Q2) 
through Q3 to ground (Vgs). This current will 
cause the voltage at node (1) to assume a Viilue 
near Vss (the voltage is proportional to the effec- 
tive on resistance of Q2 and Q3). The resultant low 
voltage on node (1) turns device Q4 off. Device Q5 
maintains the charge on the gate of Q3 by replacing 
charge leaked off through the high impedance para- 
sitic leakage resistor RlEAKAGE- (This leakage is 
typically in the picoampere range.) The storage 
cell will remain in this logic state until an external 
forcing function is apphed (write cycle). 



(A) 



T 



1)0"1" 



S ^LEAKAGE > 



J3L 



(B) 




Operation of the storage cell shown in Figure 2B is 
similar to that described above except for the im- 
plementation of the load device. A brief discussion 
of differences between enhancement and depletion 
type devices will aid the understanding of the 
storage cell operation. 

A depletion type MOS , device has a channel im- 
planted between the source and drain (see Fig. 3). 
The effect of this conducting channel is to shift 
the threshold of a standard enhancement device 
such that it is on at lower gate voltages. The basic 
operation of these two types of devices can be 
summarized as follows for N-channel technology: 
An enhancement mode device requires a positive 
gate voltage (relative to the source) to turn the 
device on. A depletion mode device requires a 
negative gate voltage (relative to source) to turn it 
off. These two conditicms are shown in Figure 3. 

(The actual threshold of the depletion mode de- 
vice can be controlled by the degree of channel 
doping used in the fabHcation process.) 

Operation of the storage cell is as follows: assume 
the gate of Q3 is high turning Q3 on causing current 
to flow in Q3 and Q2. Since devices Q2 and Q3 
are ratioed (that is, Q2 has a higher impedance than 
Q3) the voltage at node 1 will drop close to Vgs- 
Note that the gate of Q2 is tied to node 1 ; there- 
fore as node 1 decreases in voltage, the voltage 
drive on Q2 is reduced, making the effective im- 
pedance of Q2 higher. This allows the voltage at 
node 1 to move even closer to Vgg. 





/ Vo ■ CONSTANT 




/ DEPLETION MODE / 




ENHANCEMENT MODE / 




/ Vq- CONSTANT 



Vq (VOLTS) 



DRAIN (D) 

I IMPLANTED 

WniQl.h-l^"""'"'- OATEIG, 
"^^ -SUBSTRATE 



ofncnoNDmcE 




Figura 2. Storage Coll 



Figure 3. Enhancement/Depletion Charaetcriitiei 
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Since node 1 is low and is tied to the I0te (tf Q4, 
device Q4 is off. The cha^ on Q3 is inaintained 
by the load device Q5. Note that only leakage 
currents flow through device Q5 which has a 
minimal effect on the voltage at node 2. S^ce 
increased pos^gve voltage at node 2 increases the 
voltage drive oin^, deinpe Q5 turns on hard. The 
voltage at nodfe 2 is thferefore equal to YqC (i^ot* 
that there is no threshold drop across device Q5 
since it is a depletion mode device). 

Accesting the Stohige Cell 

The storage cell is interrogated for a read or write 
operation by activating the proper row select line 
which turns devices Qi and Q5 on (Fig. 2A, 2B). 
For a read operation, a sense amplifier (see Fig. 4) 
connected to both the I/O "0" and I/O "1" out- 
puts of each column detects the state of the 
selected storage cell in that column. If Q3 is on 
(logic "0") then current will flow in the I/O "0" 
line. If Q4 is on (logic "1"), current will flow in 
the 1/0 "1". line. A write buffer (Fig. 4) places a 
high level (~'VcO the 1/0 "0" Une to write a 
logic "0", and a high level on the I/O "1" to write 
a logic "1". For both write conditions, the opposite 
line is heldow (Vss)- 

As is shown in Figure 4, there are internal data-in/ 
datarout basSi. Data is gated to/from the appro- 
priate eolttnin» by column select. Note that chip 
enable(s) gate the output data to a three state 
buffer and then to the output pin. Therefore, if a 
chip is not selected, the output pin goes to a high 
impedance state (aUowing the output pins to be 
OR tied). 

Address Buffeis/Decodets 

Typical address buffers and decoders, for the static 
RAM family are shown in Figures 5 and 6 respec- 
tively. As is shown in these figures, the address 
buffers and decoders are static requiring no pre- 
charguig for operation. The buffers/decoders re- 
spond to changes on the address hnes and do not 
latch the input addresses. Therefore, in those sys- 
tems where the address lines are not stable 
throughout the cycle, it may be necessary to buffer 
them'with external latches. An example of such a 
system is discussed later. 

It should be noted however that in many systems 
requiring memory the addition of external address 
latches is not required. This is particularly true of 
microprocessor systems. ^ 

As dka^ussed before, the 2 102 A device is organized 
as 1024 words x I bit 1iaV£hg separate datann/data- 
out inns. The memory is organized internally in a 
32 row by 32 co^unn tnatiix as ^own in Figure 7. 
The pin configuration and logic symbol are shown 
in Figure 8. 



CHIP ENABLE 
MIITe 

coiuMN select; 

DATAM 



READ- 
COLUMN' 
SELECT 



CHIPEMAIU— r~| 



INTERNAL DATA 



Figure 4. Intsmal Data Path 



Figure 5. Address Input Buffer 




F^ure 6. Addrfss Deeoder 



Thiare are only t wo control i nputs to the 2t02A: 
Read/ write and «a>i p enaMe. For uoseleeted de- 
vices (chip enable high), the dataria mput is 
electrically disconnected from the input d»ta bus 
internal to the 2 102 A and tiie data-out buffer goes 
to a hi|ji impedance state. The addresses, however, 
are buffered and decoded (generating an internal 
row/column select) independent of chip enable. 
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BLOCK DIAGRAM 




Figure 7. 2102A Block Diagram 



PIN CONFIGURATION 

2102A 



LOGIC SYMBOL 
2102A 







16 












16 






*0 
Ai 






14 






Aj 




4 




Zlcl 




Aj 
*4 


•.IZ 


S 


12 


^OATA OUT 




Aj 




6 




1 DATA IH 




Af 
*■ 




J 


10 


=|vcc 




*• 








^GNO 




R/W 



PIN NAMES 



0|M DATA INPUT 


CE CHIP ENABLE 


Aq - A9 ADDRESS INPUTS 


"out OIJTPUT 


R/W READ/WRITE INPUT 


Vqq POWER (^V) 



Figure 8. 2102A Pin Configuration, Logic Symbol 



Read Cycle 

Basic read cycle timing is shown in Figure 9. Note 
that althougli chip enable is shown as a pulse 
occurring after the address changes, there is no 
specified time at which it must occur (either before 
or after address change). It is therefore permissible 
to tie the chip enable input low if the data-out pin 
is not OR tied with other outputs and operate the 
laemay device with only the read/write line and 
address inputs. 

For example, if a series of read cycles are to be 
performed (such as for CRT displays), and the 
data-out pin is not OR-tied with another output, 
chip enable may be held low and the addresses may 
be cycled in any order to access data. During this 
time, however, the read/write input must always be 
in the high state. For this case, output data will be 
valid at T\ as shown in Figure 9 and ^ecified in 
Table II. 

A second method may be used to read data from 
the memory. If the addresses are set up before a 
read decision can be made, then chip enable may 
be brought low at the read decision time. Output 
data will be valid at t^o (Table II) for this 
condition. 

Write Cycle 

Basic timing for a write cycle is shown in Figure 10. 
In the write cycle it is not permissible to perform 
a series of write cycles by holding chip enable and 
read/write low and cycling through the desired 
addresses. However, chip enable can be held low 
for continuous writes if the read/write input is 
timed per Figure 10. For the 2 102 A, a minimum 
write to address set up time, t^w, must be observed 
per Table III. The minimum data hold time, tjjjj, 
beyond read/write is ns. 



mm cYcte 



CHIP 
ENABLE 



15 VOLTS 
2 VOLTS 
0-8 VOLTS 



Figure 9. 2102A Read Cycle 



WRITE CYCLE 




® 1.5 VOLTS 
Figure 10. 2102A Write Cyde 
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Table II. 2102A Read Timing 

READ C^LE 



1 



Symbol 


Parameter 


IVIin. 


Typ."l 


Max. 


B 

Unit 


^RC 


Read Cycle 


350 






ns 


tA 


Access Time 






350 


ns 


tco 


Chip Enab4 to Outptjt Time ' 






180 


ns ' 


tOHl 


Previous R jad Data Valid with 
Respect to Address 


40 






ns T " 


tOH2 


Previous R 
Respect to 


sad Data Valid vi/ith 
Chip Enable 









ns 


Table III. 2102A Ml 
WRITE CYCLE 


J^iming ^ 


Symbol Pa 


rameter 


Min. 


Typ."l 


IVIax. 


1 ■ 

Unit 


twc 


Write Cycle 


350 






ns 


tAW 


Address to Write Setup Time 


20 






ns 


twp 


Write Pulse Width 


250 






ns 


tWR 


Write Reccvery Time 









ns , 


tow 


Data Setup Time 


250 






ns . 


tDH 


Data Hold Time 









ns 


tew 


iaipinati^ifflWrite Setup' TJme 


= 2S0 






ns 


NOTE: X. Typlesj vifhfssac^torTA = 25°C and nominal supply voltage. " ^ 



Note that tlte fliifltewi write cycle may be ob- 
tain«d by u$lbg the minimum times associated with 
tAW. tltef«WS"twR (Fig. 10), that is: 

tuc CMN) =*|tAW + tWP + tWR 

Read-Modify-Write 

A read-modify-write cycle is merely a combination 
of a read cycle and a read/write pulse, twp. The 
minimum read-modify write cycle time is therefore 
tRC '^WP- The timing associated with the 2 102 A 
read-modify-write cycle is shown in Figure 1 1 . 

D.C. and Operating Characteristics 

The D.C. and operating characteristics for the 
2102A is given in Table IV. Power supply current 



versus McC 'su^ly voltage is shown' in I^^ire 12 
for the il02A. Power supply eurrenl as atitnetion 
of ternpifefatote is shown iii Figure 13 for th^l02A. 



1 !1 - . ' 



3 4 6 e 

(VOLTS( 




Figure 12. 2102A Power Supply vs. Supply Voltage 



Ta I-ci 



Figure ta. 2102A Read-IVjedify Write Cycle 



Figure. 13.. vPower Supply Current vs^Ambient Tempaanute. 
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For reference, typical A.C. and D.C characteristics 
for the 2 102 A are shown in the graphs of Figure 



14. In particular, note the relative insensitivity of 
access time as a function of load capacitance. 



V|N LIMITS VS. TEMPERATURE 
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iH IMir, 
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^ -5.0 


V 
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T.ro 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 











Vcc * 
1 TTL 

Cl = 


IN. 

LOAD 
OOpF 






TYPI 


:al 












OUTPl 


T REF 


RENCE 


LEVEL 


■ Vqh 

Vol 


= 2.0V 
O.fiV 



10 20 30 40 50 60 70 

T. I-CI 

Figure 14. 2102A Typical D.C. and A.C. Characto'istiGS 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 




Vol IVOltsi 

ACCESS TIME VS. 
LOAD CAPACITANCE 




Table IV. 2102A D.C. and Operating Characteristics. 

Ta = 0°C to 70° C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Z102A.2102A-4 
ZIIQAL. 2102AL-4 
Limits 
Min. Typ. t" Max. 


2102A-2. 2102AL-2 
Limits 
Min. Typ. Max. 


2102A4 

Limits 
Min. Typ.'ll Max. 


Unit 


Test Conditions 


lu 


Input Load Current 


1 10 


1 10 


1 1C 




V|N = to 5.25V 


■loh 


Output Leakage Current 


1 5 


1 5 


1 5 


M 


CE = 2.0V, 

Vour = Vqh 


Ilol 


Output Leakage Current 


-1 -10 


-1 -10 


-1 -10 




CE = 2.0V, 
Vqut = 


Ice 


Power Supply Current 


33 Note 2 


45 65 


33 55 


mA 


All Inputs = 5.25V, 
Data Out Open, 
Ta = 0°C 


V|L 


Input Low Voltage 


-0.5 0.8 


-0.5 0.8 


-0.5 0.65 


V 




V|H 


Input High Voltage 


2.0 Vcc 


2.0 Vcc 


2.2 Vcc 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


0.45 


V 


Iql - 2.1mA 


VOH 


Output High Voltage 


2.4 


2.4 


2.2 


V 


IOH = -1l)0fA 



Notes: 1 . Typical values are for T/^ = 25°C and nominal supply voltage. 

2. The maximum Ice value is 55mA for the 2102A and 2102A-4. and 33mA for the 2102AL and 2102AL.4. 



m 



where data i» ttS^ 
power dissipa^^' <(n&. 
mW)..Datai»«i(iitfk^i 

Q5) sbevlrn M F%ure 2' 
pletion load devices 



Power Down Standby Operation 

The rtiiy'be placed in a power down mode 

ted with greatly reduced 

si li.'iMdiiieed ^ow^^eliiitg- 

aire' imptatMei 
mentioned previo<udyv if- 
depleti(»t mode device is normally "on" and'Hequices' 
a negative voltage (below ground) to reach cut-off' 
in operation (see Fig. |3). The only requirementi 
therefore, to assure data retention is to guarantee 
that the minimum Vqq voltage allowed in standby 
operation is sufficient tci bias the gate of the appro- 
priate storage node (Q3 or Q4 Fig. 2B) on. (Recall 
that there is no threshold drop across the depletion 
load device supplying the on dMve to ttte stei^^ 
device.) 

A summary of the power down requirements and 
characterises; jfcii: ^the 2102AL family are shown in 
Figure iiSi |^ .'^at^iffiVjAs is shown in thisilgure^ 
there- is .a ^ujij^ent tiiat cdiip enable be brought 
to a lenisl^sS 2,;0V}.<si; Jwmer, a'Tcp time (minimum 
nse)(^Xib«fi9^ Y(i3g,4iie9S'below its minimum value 
(4.75 V): 





Figure 15. 2102AL Family Standby Characteristics. 



Figure 19s Mi|iC(Mlile @M«liflerfei' PioMnr Down Mode 



To assure that stored data is not over-written, the 
chip enable input must either be held at a level of 
1.5 V, or higher, or allowed to track with Vcc at 
the same or higher voltage level and same or slower 
discharge rate as VcC- 

A circuit that implements the traclcing of chip 
enable with Vqq is shown in Figure 16. In this 
figure, the chip enable NAND circuit is powered 
by the same supply , Vcc that i s discharging. A 
power down signal (power down) is generated to 
set the chip enable signal high at the appropriate 
time (discussed later). As VqC begins to discharge 
beyond the hmit of TTL operation, resistors R] and 
R2 are used to assure that the chip enable output 
stays high and traclcs the dischargmg Wqq indepen- 
dent of the chip enable input. 

The power down signal can occur at any time if 
the memory is in a read cycle or is inactive. How- 
ever, if a write cycle is being executed and power 
loss is detected, then the power idown signal must 
be delayed until the write cycle is complete. In most 



Table V. 2101AL Family D.C. SMidby 6t)aE««lleri»lEii, 
Ta =0°Cto 70°C 



Symbol 


Parameter 


2ie2AL, 2ig2AL-4 

JJflljtS 

Min. tw-I^i Max. 


2102AL-Z 
Min. Ty§^i ,,4lli». 


Unit 


Test Conditions 


VpD 


Vcc Standby 


1.5 


1.5 


V 




VCES'21 


CE Bias in Standby 


2.0 


2.0 ■ 


V 


2.0V<VpD<VccMax. 






VpD 


VpD 


V 


1.5V<VpD< 2.0V 


IPDI 


Standby Current 


15 23 


20 28 


mA 


All lnputs=VpDi = 1.6V 


lpD2 


Standby Current 


20 30 


25 38 


mA 


All lnputs=Vpo2 = 2.0V 


top 


Chip Deselect to Standby Time 








ns 




t„[3J 


Standby Recovery} Time 


tRC 




m 


\ "J 



NOTiS; ' " . f 

t. Ty#'W»%Mtie*i^ fd^<1^'-lti% and nominal' supply 
voltage. 

2. Consider the test conditions as shown: If the stand- 
by voltage (Vpol is between S.25V (Vcc Max.) and 
2.0V, thsnCE nmt be betd at 2-PV Min. (V|hI. If- 



the standby voltage Is less than 2.0V but greater than 
1.5V (VpoMln.), then CE and standby voltage 
must be at least the same value or, if they are dif- 
ferent, CE must be the more positive of the two. - 
3. tR == tRe lP^EAD CYCLE TIME), 
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systems this is entirely feasible since the decoupling 
capacitors will hold Vqq power long enou^ to 

finish a complete write cycle at full power. 

A schematic representation of a sudden loss of 
normal VqC power is shown in Figure 17. If at 
t = the ^CC supply is removed, powser will be 
supplied to the load (L) from the capacitor (C) 
until the load voltage (Vl) is a diode drop below 
the battery voltage (Vg), after which power to the 
load is supplied by the battery. There is no require- 
ment to control tiie rate at which Wqc discharges. 

Similarly, when the supply voltage is restored, the 
voltage at the load (Vl) will begin to rise when the 
supply voltage becomes greater than the l>att^ 

voltage. 



I 



WHERE; C - DECOUPLINO CAPACITOR 




Figure 17. Battary Backup CharactBritties 

Note that the 2 102 A is capable of retaining data in 
a power down mode over a ^cc ^o'tag^ range of 
1 .5 to 4.75 if the chip enable input is always a high 
level equal to or higher than Vpp during standby. 
This allows maximum flexibihty in the selection of 
batteries for standby. Remember that chip enable 
tracking requirements to Vqq are required only if 
the state of the chip enable input can not be 
guaranteed to be a high level during the entire 
standby period- ■ 

256 WORD X 4-BIT STATIC RAMs 

The introduction of static, high density MOS 
RAMs organized as 256 words x 4 bits has signifi- 
cantly reduced the complexity, size and component 
count of systems not requiring large storage 
capacity. 

With the Intel family of 256 word x 4 bit RAMs it 
is now possible to realize more benefits of "dis- 
tributed" memory uaiig MOS devices with their 
attendant low power and simple interfa(ie. 



designated as 2101 A, 2111A, and 2112A. In sum- 
mary the 2101A is packa^ in a 22 pin DIP, has 
four data-in and four data-out lines, two chip enables 
and an output disable. The 21 1 lAis packaged in 
an, 18 pin DIP, has four conunon data-in/data-out 
lines,, two chip enables,- and aa-output disable. The 
2112A is packaged in a 16 pin DIP, has four 
common data-in/data-out lines, one chip enable 
and does not have an output disable. These selec- 
tions allow the system designer almost any con- 
figuration he might desire. 



21 01 A Operation 

Internal operation of the 2 101 A is similar to that 
outlined for the 2 102 A. The storage cell is shown 
Sn Figure 2A; the address input buffers and internal 
decoders are shown in Figures 5 and 6 respectively. 

Maximum system design flexibility is achieved with 

the 2 1 1 A for those applications requiring 256 word 
X 4 bit memory devices. Since the input/output 
hnes are separated, it is not necessary to multi- 
plex these lines unless required by the system. 
The two chip enables of opposite logic polarity 
simplify system interface design (especially with 
the 8080 microprocessor as discussed in the i^siems 
section). 

The pin configuration and logic symbol for the 
2 101 A are shown in Figure 18. The block diagram 

is shown in Figure 19. 

The 2101 A may be operated in the same operating 
.'modes as the 2 102 A. For example, a series of reads 
may be performed on a given device with the chip 
enables at the proper selected state and the output 
disable line held low. The write and read-modify- 
write cycles may be performed per the 2102A de- 
scription. For reference, the read and write wave- 
forms are shown in Figure 20 witii A.C. characteris- 
tics given in Table VI. D.C. and operating charao- 
teiistics are shown in Table VII. 

As discussed previously, the 2 101 A has separate 
input and output pins for data. When operating 
the device with the output OR-tied, it is permissible 
to tie the output disable pin low for all operations. 
If the data output pins are OR-tied with other 
devices, the chip enable inputs are used to electri- 
cally disconnect the unselectdd devices fro m the 
output data buses. In this unselected state (CEl 
high or CE2 low) the output deyi<i^ are placed in 
the high impedance state. 

The 2 101 A may also be operated with the corres- 
ponding input and output lines tied together. In 
this mode of operation output disable must be 
used to place the output devices in the hi^ im- 
pedance' state during a ^te cyde br <tiie wiite 
portion of a read-modify-write cyde. *^ 



PIN CONFIGURATION 



LOqiC SYMBOL 



A3 IZ 


1 


22 


□ Vcc 




A|> 






"2 1 


2 


21 


□ A, 




A, 


DO, 




A, IZ 


3 


20 


1 WE 




Aj 


DO2 
DO3 




Ao CZ 
AsC 


■6 


19 
18 


1 CE, 

□ 06"' 


1 1 1 


A3 
A4 
A5 


— 



A.[Z 


6 


17 


Z CE2 




A, 


DOa 




A, [= 




16 


□ do. 




A, 


— 


GND 




15 


□ di. 




Dl, 


OD 


— 




9 


14 


□ D03 




DI3 
DI3 




DO, 1 


10 


13 


Z1DI3 




Dl, 








" 


12 






WE CE2 


CE1 










PIN NAMES 


? 1 


? 






Dl,-Dl4 


DATA IIWUT 


CE, 


CHIP ENABLE 


2 






A. A, 


ADDRESS INPUTS 


OD 


OUTPUT DISABLE 






WE 


WRITE ENABLE 


DO, DO 


, DATA OUTPUT 






CI, 


CHIP ENABLE 1 




POWER (+5V) 







BLOCK DIAGRAM 




Figure 18. 2101A Plh Configuration/Logic Symbol. 



Pigure 19. 2101A Block Diagram. 



READ CYCLE 



WRITE CYCLE 




NOTES: 1. Typical valuss are for T^ " 2S°C and nominal supply voltage. 

2. This parameter is periodically umplsd and is not 100% tasted. 

3. tQF is with respect to the trailing edge of CE^. CE2. 
or OD, whichever occure first, 

4. OD should be tied low for separate I/O operation. 
Figure 20. 2101 A Read/Write Waveforms. 
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Table VI. 21 01 A A.C. Characteristics. 

READ CYCLE Ta = 0°C to 70°C. Vcc = 5V +5%, unless otherwise specified. 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 






Access Time 






250 


ns 


tr, t( = 20ns 


tco 


Chip Enable To Output 






180 


ns 


Input Levels = 0.8V or 2.0V 


tOD 


Output Disable To Output 






130 


ns 


Timing Reference = 1.5V 


top 131 


Data Output to High Z State 







180 


ns 


Load = 1 TTL Gate 




Previous Read Data Valid 
after change of Address 


40 






ns 


andCL= lOOpF. 


Write cycle 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


TesiComiitiom 




Write Cycle 


170 






ns 






Write Delay 


20 






ns 


t,, tf = 20ns 


tew 


Chip Enable To Write 


150 






ns 


Input Levels = 0.8V or 2.0V 


tow 


Data SetLip 


150 






ns 


Timing Reference = 1.5V 




Data Hold 










Load = 1 TTL Gate 




Write Pulse 


l50 






ns 






Write Recovery 









ns 




'ds 


Output Disable Setup 


20 






ns 





Table VII. 2101A D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 





Parameter 


Min. 


Typ.l'' 


Max. 


Unit 


Test Conditions 


Ll i _ 


Input Current 




1 


10 




V|M = Oto 5.25V 


1 LOH 


Data Output Leakage Current 




1 


10 




Output Disabled, VouT=4.0V 


'lol 


Data Output Leakage Current 




-1 


-10 


^A 


Output Disabled, VouT=0-45V 


'cci 


Power Supply 2101A, 2101A-4 




35 


55 


mA 


V|N = 5.25V, lo = 0mA 




Current 2101A-2 




45 


65 




Ta = 25°C 


ICC2 


Power Supply 2101A, 2101A-4 






60 


mA 


V|N = 5.25V. lo = 0mA 




Current 2101A-2 






70 




Ta = 0°C 


V|L 


Input "Low" Voltage 


-0.5 




+0.8 


V 




V|H 


Input "High" Voltage 


2.0 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


Iql = 2.0mA 


Vqh 


Output "High" 2101A, 2101A-2 


2.4 






V 


lOH = -200mA 




Voltage 2^0^A-4 


2.4 






V 


toH=-150jiA 
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2111A Operation 

The 2111A has common input/output data buses 
and operates in a manner similar to that described 
for the 2101 A with the data bus made common. 
The only logical difference between the two devices 
is the logic level of the two chip enables. For the 
2 1 11 A both chip enables are true in the low state. 

If either or both of the chip enables ate high the 



internal input output data buffers are electrically 
disconnected from the external data bus. 

The pin configuration and logic symbol for the 
2 1 1 1 A are shown in Figure 2 1 . The block diagram 
is shown in Figure 22. 

As indicated previously, the read/write, address, 
and data in timing requirements for the 2111A 
are the same as for the 2 101 A operating in the 



PIN CONFIGURATION 




LOGIC SYMBOL 




PIN NAMES 



Ao A? 


ADDRESS INPUTS 


OD 


OUTPUT DISABLE 


R/SV 


READ/WRITE INPUT 


CE, 


CHIP ENABLE 1 


CE2 


dhiP ENABLE 2 


l/Oi- I/O4 


DATA INPUT/OUTPUT 



BLOCK DIAGRAM 




® 




® 






® 











Figure 21. 2111 A Pin Configuration/Logic Symbol 



Figure 22. 21 1 1 A Blocic Diagram 




Intel Memory Systems Division 4K x 8 Memory Card 
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cgmmon data bus mode. For reference, however, 
the read/write waveforms for the 21 1 1 A are shown 
in Figure 23 with the A.C. characteristics shown in 
Table VIII. D.C. characteristics are given in Table IX. 

2112A Operation 

The 2 1 1 2A operates in a manner very similar to 
the 21 1 1 A. The major difference is that no output 
disable pin is available and one (instead of two) 
chip enables is used. Pin configuration and logic 
symbol for the 2 1 r2A are shown in Figure 24. The 
block diagram is shown in Figure 25. 

Since no output disable pin is available for the 
21 1.2A, eare should be exercised to assure that the 



data in bus is not activated any time the read/ 
write line is high (read cycle). When operating the 
memory in a write, read-modify-write, or write- 
verify-read cycle, the read/write input is used to 
perform the function of an output disable. The 
output is disabled on the chip according to the 
toUomos logical equation: 



OD = R/W + CE 



where: 



OD = OUTPUT DISABLE 

The basic read/write timing waveforms are shown in 
Figure 26 with the A.C. characteristics given in 
Table X. 



READ CYCLE 



U— "of — » 



WRITE CYCLE 



CHIP 

EJVABLES 

(CE, CE,1 



NOTES: 



3(Z 



t 



y 



x:: 



1 . Typical values are for Tp^ = 25°C and nominal supply voltase. read. 

2. This parameter is periodically sampled and is not 100% tested. write 

3. top is with respect to the trailing edge of CE-] , CE3, or 00, whichever occurs first. 

Figure 23. 21 1 1 A Read/Write Wavefomns. 



— t 



Table VIII. 2111A A.C. Characteristics 

READ CYCLE Ta = 0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 


tr, tf = 20ns 

Input Levels = 0.8V or 2.0V 

Timing Reference = 1.5V 
Load = 1 TTL Gate 

and Cl = lOOpF. 


tA 


Access Time 






250 


ns 


tco 


Chip Enable To Output 






180 


ns 


too 


Output Disable To Output 






130 


ns 


tOFt^l 


Data Output to High Z State 







180 


ns 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


WRITE CYCLE 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


two 


Write Cycle 


170 






ns 


tr, tf = 20ns 

Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and Cl= lOOpF. 




Write Delay 


20 






ns 


tew 


Chip Enable To Write 


150 






ns 


tow 


Data Setup 


150 






ns 


tpH 


Data Hold 









ns 


*VWP 


Write Pulse 


150 






ns 


•WR 


Write Recovery 









ns 


*DS 


Output Disable Setup 


20 






ns 
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Table IX. 2111A D.C. Characteristics. 

Ta = CfC to 70°C, Vcc = 5V ±5% , unless otherwise specified. 



ayiTiDoi 




iwiin. 


1 yp. ' ' ' 


Msx. . 


Unit 


Tost Conditions 


'li 


Input LoadCurrmt 




1 


10 


liA 


Vim = to 5.25V 




I/O Leaka^ Current 




1 


10 


^A 


Output DiisaDiea, VyfQ * 4^uv 


'lol 


I/O Leakage Current 




-1 


-10 




Output Disabled, V|/o'=0.45V 


'cci 


Power Supply 21 1 1 A, 21 1 1 A-4 




35 


55 


mA 


V|M - o.ZoV 




Purrpnt 9111 A-9 






DO 




ICC2' 


Power Supply 21 1 1 A, 211 1A-4 






60 


mA 


V|N = 5.25V 




Current 2111A-2 






70 


l|/O = 0mA, Ta =0°C 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.0nnA 


VOH 


Output High 211 1 A, 21 1 1A-2 


ZA 






V 


lOH = -200f/A 


Voltage 2111A-4 


2.4 






V 


Ioh=-15QmA 
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LOGIC SYMBOL 



A3IZ 


1 


16 


□ Vcc 




Aq 






2 


15 


□ a. 




A, 


10, 


A.c: 


3 


14 






Aj 


10, 


AoC 


4 


13 


□ CE 




A, 


.Oj 












Aj 


' 04 






12 


Zl"04 




A5 




*.(Z 


6 


11 


□ "O3 




Ae 




*7|Z 




10 


□ i/o. 








nd[Z 


8 


9 


□1/0, 




WE 


CE 



?IN NAMES 



*<.*7 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


CE 


CHIP ENABLE INPUT 




DATA mniTKIUTniT 




POWER 



BLOCK DIAGRAM 




Figure 24. 2112A Pin Configuration/Logic Symbol. 



Figure 25. 2 11 2A Block Diagram. 



READ CYCLE WAVEFORMS 

"rc 



ADDRESS 



* 'a 










— "CO— • 




' \ 



y 



NOTE 1: Data Hold Tims (Toh* I* tefennosd SBtte 
trailing edge of CHIP ENABLE (CEI or 
REAB/WrRITE(flAIV) whichever conMt first 



miPOT/OUTWJT 



Figure 26. ?112A R«Mt/M;rH*Wlws<«nni. 
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WRITE CYCLE #1 



WRITE CYCLE #2 



0( 



iiwurmuTPUT 



3( 



J 



INPUT/OUTPUT 



SifC2 



3( 



\ 



5( 



NOTE: 1. Typical values are for Ta = 25*'C and nominal supply voltage. 
Figure 26. (cont'd) 



DATA IN 
STABLE 



.A 



Table X. 211 2A AX. Characteristics. 

READ CYCLE T^ = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.'i' 


Max. 


Unit 


Test Conditions 




Read Cycle 


350 






ns 


tr, tf = 20ns 

Input Levels = 0.8V or 2.0V 
Timing Reference = 1 .5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tA 


Access Time 






350 


ns 


tco 


Chip Enable To Output Time 






240 


ns 


tcD 


Chip Enable To Output Disable Time 







200 


ns 




Previous Read Data Valid After 
Change of Address 


40 






ns 


WRITE CYCLE #1 = 0°C to 70°C. Vcc = 5V +5% 


Symbol 


Parameter 


Min. 


Typ'^l 


Max. 


Unit 


Test ConditiDns 


twci 


Write Cycle 


270 






ns 


X,, t, = 20ns 




Address To Write Setup Time 


20 






ns 


Input Levels = 0.8V or 2.0V 


tDWl 


Write Setup Time 


250 






ns 


Timing Reference = 1.5V 


tWPI 


Write Pulse Width 


250 






ns 


Load = 1 TTL Gate 


tcsi 


Chip Enable Setup Time 









ns 


and Cl= lOOpF. 


tcHI 


Chip Enable Hold Time 









ns 




tWR1 


Write Recovery Time 









ns 




'dhi 


Data Hold Time 









ns 




*CW1 


Chip Enable to Write Setup Time 


250 






ns 




WRITE CYCLE « Ta = 0°C to 70°C, Vcc = 5V +5% 


Symbol 


Parameter 


Min. 


Typ.'i' 


Max. 


Unit 


Test Conditions 


twC2 


Write Cycle 


470 






ns 


tr, t, = 20ns 

Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCi.= lOOpF. 


tAW2 


Address To Write Setup Time 


20 






ns 


'DW2 


Write Setup Time 


250 






ns 


tWD2 


Write To Output Disable Time 


200 






ns 


tcS2 


Chip Enable Setup Time 









ns 


'CH2 


Chip Enable Hold Time 









ns 


twR2 


Write Recovery Time 









ns 


tDH2 


Data Hold Time 









ns 



NOTE: 1 . TypHal valiua are for T^ = 25°C and nominal supply voltage. 
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ii 
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^ 3*0* ^ MM ^ 3«M ^ ^ 34M ^ ^ |3W ^ ^| 3404^ fc^ j 3*0* ^ 



i 
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Figure 27. 4K x 8 Memory System. 



SYSTEM DESIGN/OI%RATION 

The design of timing and interface circuit$. for 
memory systems utilizing Intel static RAMs is 
simple and straightforward. In this section, detaUs 
of system designs using these static RAMs will be 

discussed. 

Consider first the 4K x 8 system shown in Figure 
27. This system, Intel's in-26 self-contained mem- 
ory card, is expandable in both the number of 
words and number of bits/word directions. (Ex- 
panding the number of words per system is 
accomplished with the module select input.) Note 
that there are only three input control hues; 
write, module select and cycle request (CYREQ) 
(with byte control provided). Operation of the 4K 
X 8 memory system is explained with the aid of the 
timing diagram is shown in Figure 28. 



At time To the 100 nsec CYREQ pulse is applied, 
the addresses made valid, the write input, and, data 
is mad e valid (for write mode only). The module 
select input is set low no later tha n 80 nsee after 
Tq. (If only one board is used, the module select 
line may be permanently tied to ground.) Output 
data is available at time defined by timing diagram 
(650 nsec) with cycle cornpleted for both read 
and write at 650 nsec aftra: start of cycle. (Note 



100 2« 



■HEQ 



L MSON! 



T ^ 



•J 80 



80 NSEC MAX 



EXZX 



r 



XZXI 



XT" 



000 700 BOO 



Figure 28. Timing Diagram, 4K x 8/9 System. 
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that the in-26 is designed for use with standard 
2102-1 devices. Faster system access/cycle times 
can be obtained by using 2 102 A devices and 74H 
or 74S series instead of 74 series gates in the 
CYREQ and module select data paths.) 

Note that th e input d ata is latched at the end of 
cycle request (CYREQ). It is possible to remove the 
two monostable multivibrators from the system 
and control the memory device read/write line 
externally further simplifying the memory system. 

An example of a 2K x 12 single card memory 
system (IN-24) with full control and interfacing is 
shown in Figure 29. In this system, the input/out- 
put data is on a single bus. Note that data output 
enable is provided by an address selection for this 
system. Operation of the in-24 is similar to the 
in-26. 

M'AHC RAM MEMORY ARRAY 

A layout of the memory array for the 2 102 A static 
RAM is shown in Figure 30. Note that there are no 
layout constraints as a result of noise considerations 
caused by high level clocks. Power busing is greatly 
simplified over other MOS RAMs because only one 
supply plus ground is required for the memory. 

Memory array layout for the 2101 A, 2111A, and 
■2112A is entirely similar to the layout shown 
above. The exception, of course, is the number of 
data input/output lines in the aAay. Decoupling 



is handled in a manner identical to that shown in 
Figure 31. 

INTERFACING WITH MICROPROCESSORS 

The Intel static RAM family is ideal for use in 
microprocessor applications. Control and timing 
functions are all performed by the microprocessor 
itself so that additional timing is not required by 
the memory. 

An example of a microprocessor system utilizing 
berth iead only (ROM) and random access memory 
is shown in Figure 32. Although it is not the pur- 
pose of this application note to explain micro- 
processor systems, several comments On the opera- 
tion of the system are in order. 

The buffered 16 bit address bus is tapped (as 
shown) to provide both chip select and memory 
address to the static RAMs. (In this case the 2 101 A 
equivalent for microprocessors, the 8101 is used.) 
A control circuit used with the 8080 generates a 
memory read signal which enables the output on the 
8101. Since both chip enables and output disable 
are used to gate data out of the 8101. the data out 
bus from these sources is in a high impedance 
state whenever the ROM is being addressed. This 
allows OR tying of the data out lines to the data 
bus. Note that in this case the data in/data out pins 
of the 8101 are tied together (see discussion of 
2101A operation). 

Care should be takm when coimecting P-channel 
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GND Vcc I OATA ojlT 

DATA IN 



Figure 30. 2102A Memory Array Layout. 
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47fi( TAUT ALUM CAPACITOR NEAR ARRAV 
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Fi^re 31. Memory System Decupling. 



16 BITS ADDRESS 



2t 



ts/d 



8BITS/0ATABUS ' 



- t/O READ 
:0NTROlJ l/OWRITl 



MEMORVmW 



MEMORY WRITE 



Figure 32. Microprocessor System. 
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DATA I/O BUS 



9101/5101 

R/W 



r 



1N914 "^y * 



SERIES 
74. 74S. 74LS 
EXCLUSIVE 




Figure 33. Output Data Bus. 



ROMs such as the 16Q2A tod 1 702 A to the data 
bus as shown in Figure 32 to assure that J:he mini- 
mum output tow level k compatible with the 
N-channel RAA^' being used. It is necessary to pro- 
tect the itota line of the static RAMs if the output 
level of the RC^S attached to the line can drop 
below Vgs -®^8V. This protection can be done by 
using a aiode to ground and current limiting 
resistor on those data lines effected (see Fig. 33). 
It is also permissible to use an exclusive OR which 
has an internal clamping diode on its input con- 
figured per Figure 34B. Note that series 74L86 
cannot be used in this application because it does 
not have a terminating diode. 

In the figure shown in Figure 33B, resistors Ri 
are pull up resistors to the unselected data out Une. 
R2 is a current limiting resistor connected to the 
output of the P-channel ROM. The maximum value 



permissible for this resistor is detmnined by the 
maximum sink current drawn by the ROM dence 
and the maximum acceptable (most pc^tive) down 
level required for the inptit of the exclusive OR. 

SUMMARY 

llie Intel static RAM family is a broad and expand- 
ing fine of simile to use density MOS RAMs. 
This application note has detailed those portiom of 
the internal MOS circuits of these RAMs which are 

of primary concern to the system designer. Through 
a better understanding of the internal workings of 
the device, the designer is able to take full advan- 
tage of the capability of these RAMs. 

A summary of some of the more important tech- 
nical specifications for each device and device spec 
type is given in the Product Selection Guide at the 
end of this section. 
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Electrical Ctiaracterlstlcs Over Temperature 




Type 


No. 
Of 
Bits 


Description 


Organi- 
zation 


No. 
of 

Pins 


Access 
Time 
M«. 


Cycle 
Time 
Max. 


Power 
DInlpalion 
IHai.i'J 
Operaling/Slandby 


Supplie*[V] 




1101A 


256 


Static Fully Decoded 


256x1 


16 


1500ns 


1500ns 


685mW/340mW 


-5,-9 . 




1101A1 


256 


Hi-Speed Static Fully 
Decoded 


256x1 


18 


1000ns 


1000ns 


685mW/340mW 


♦5, -9 




1103 


1024 


Dynamic Fully Decoded 


1024x1 


18 


300ns 


580ns 


4gomW/64mW 


+16, +19 




1103-1 


1024 


Dynamic Fully Decoded 


102^x1 


18 


150ns 


340ns 


437mW/76mW 


♦ 19, +22 




1103A 


1024 


Dynamic Fully Decoded 


1024x1 


18 


205ns 


580ns 


400mW/64mW 


+16, +19 




1103A-1 


1024 


Dynamic Fully Decoded 


1024x1 


18 


145ns 


340ns 


627mW/10mW 


+19, +22 




1103A-2 


1024 


Dynamic Fully Decoded 


1024x1 


18 


145ns 


400ns 


570mW/10mW 


+ 19, +22 




2101A 


1024 


Static, Separate I/O 


256x4 


22 


360ns 


350ns 


300mW 


+5 




2101A-2 


1024 


Static, Separate I/O 


256x4 


22 


250ns 


2S0ns 


350mW 


+5 




2101A-4 


1024 


Static, Separate I/O 


256x4 


22 


450ns 


450ns 


300mW 


+5 




2102A 


1024 


High Speed Sialic 


1024:<1 


16 


350ns 


350ns 


275mW 


T— 

♦5 




2102A-2 


1024 


High S^eed Sl3: . 






- ■ b 


250ns 


325mW 


-5 




2102A-4 


1024 


High Speed Static 


1024x1 


16 


450ns 


450ns 


275mW 


+5 




2102A-6 


1024 


High Speed Static 


1024x1 


16 


650ns 


650ns 


275mW 


+5 




2102AL 


1024 


Low Standby Power Static 


1024x1 


16 


3S0ns 


350ns 


165mW/35mW 


+5 




2102AL-2 


1024 


Low Standby Power Static 


1 024x 1 


16 


250ns 


250ns 


325mW/42mW 


+5 




2102AL-4 


1024 


Low Standby Power static 


1024x1 


16 


450ns 


450ns 


165mW/35mW 


+5 


sow 


M2102A-4 


1024 


Static, TA=-5S°e to 
t125°G 


1024x1 


16 


4S0ns 


45bns 


350mW 


+5 


u 


2104A-1 


4096 


16 Pin Dynamic 


4096x1 


16 


150ns 


320ns 


420mW/18mW 


+12, +5 -5 


s 

z 


2104A-2 


4096 


16 Pin Dynamic 


4096x1 


16 


200ns 


320ns 


384mW/18mW 


+ 12 +5. -5 




2104A-3 


4096 


16 Pin Dynamic 


4096x1 


16 


250ns 


375ns 


360mW/18mW 


+ 12, +5, -6 


SIL 


2104A-4 


4096 


16 Pin Dynamic 


4096x1 


16 


300ns 


425ns 


360mW/18mW 


+ 12, +5, -5 




2107A 


4096 


22 Pin Dynamic 


4096x1 


22 


300ns 


700ns 


458mW/2mW 


+ 12, +5. -5 




2107A-1 


4096 


22 Pin Dynamic 


4096x1 


22 


280ns 


550ns 


516mW/2mW 


+12, +5, -5 




2107A-4 


4096 


22 Pin Dynamic 


4096x1 


22 


350ns 


840ns 


450mW/2mW 


+ 1?,*S.;S 




2107A-5 


4096 


22 Pin Dynamic 


4096x1 


22 


420ns 


970ns 


376mW/2mW 


+12, +5, -S 




2107B 


4096 


22 Pin Dynamic 


4096x1 


22 


200ns 


400ns 


648mW/4mW 


+12, +5, -5 




2107B-4 


4096 


22 Pin Dynamic 


4096x1 


22 


270ns 


470ns 


648mW/4mW 


+ 12, +5 -5 




2107B-5 


4096 


22 Pin Dynamic 


4096x1 


22 


300ns 


590ns 


648mW/5mW 


+ 12, +5, -5 




2108-2 


8192 


16 Pin Dynamic 


8192x1 


16 


200n5 


360ns 


828mW/24mW 


♦12, +5, -5 




2108-4 


8192 


16 Pin Dynamic 


8192x1 


15 


300ns 


425ns 


780mW/24mW 


♦12, +5 -5 




2111A 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


18 


350ns 


350ns 


300m W 


♦ 5 




2111A-2 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


18 


250ns 


250ns 


350mW 


+5 




2111A-4 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


18 


450ns 


450ns 


300m W 


♦5 




2112A 


1024 


Static, Common I/O 
wittiout Output Deselect 


256x4 


1,6 


350ns 


350ns 


300mW 


+ 5 




2112A-2 


1024 


Static, Common I/O 
without Output Deselect 


256x4 


16 


250ns 


250ns 


350m W 


♦5 




2112A-4 


1024 


Static, Common I/O 
without Ou^tit Deselect 


256x4 


16 


450ns 


450ns 


aoomw 


+5 
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Electrical CharacleiMie* Ow Tempanlun 




Typ» 


No. 
ol 
Blt> 


Description 


Organi- 
zation 


No. 
of 
Pins 


Access 
Time 
Max. 


Cycle 
Time 
Max. 


Power 

DIttlpatlon 
Ma>.[1) 
Operating/ Standby 


Supplle»[V] 




2114 


4096 


Static. Common I/O 


1024x4 


18 


450ns 


450ns 


710mW 


+5 




2114-2 


4096 


Static, Common I/O 


1024x4 


18 


200ns 


200ns 


710mW 


• 5 




2114-3 


4096 


Static. Common I/O 


1024x4 


18 


300ns 


300ns 


710mW 


+5 




Z114L 


4096 


Static, Common I/O 


1024x4 


18 


450ns 


450ns 


370mW 


+5 




2114L-3 


4096 


Static, Common I/O 


1024x4 


18 


300ns 


300ns 


370mW 


+5 




2115A 


1024 


Static. Open Collector 


1024x1 


16 


45ns 


45ns 


660m W 


+5 




2115A-2 


1024 


Static. Open Collector 


1024x1 


16 


70ns 


70ns 


660m W 


+5 




2115AL 


1024 


Static. Open Collector 


1024x1 


16 






1 1 vv 






211SAL-2 


1024 


Static, Open Collector 


1024x1 


16 




70ns 


1 1 VV 






M2115A 


1024 


Static. Open Collector 


1024x1 


16 






DVUiil VV 






M2115AL 


1024 


Static. Open Collector 


1024x1 


16 


75ns 


75ns 


415mW 


+5 


o 


211S 


1024 


Static. Open Collector 


1024x1 


16 






525m W 




GATE M 


21 15-2 


1024 


Static, Open Collector 


1 024x 1 


16 


70ns 


70ns 


660fTiW 


+5 


21 15L 


1024 


Static. Open Collector 


1024x1 


16 


95ns 


95ns 


345mW 


+ 5 


ILICON 


2125A 


1024 


Static. Three-State 


1 024x 1 


16 






ccnmUU 

Doumw 




2125A-2 


1024 


Static, Three-State 


1024x1 


16 






ODUIII VV 




m 


2125AL 


1024 


Static. Three-State 


1024x1 


16 






jybmw 


*5 




2125AL-2 


1024 


Static. Three-State 


1024x1 


16 


70ns 




sjysmw 


♦5 




M212SA 


1024 


Static. Three-State 


1024x1 


16 


55ns 


55ns 


690mW 


*5 




M2125AL 


1024 


Static. Three-State 


1024x1 


16 


75ns 


75ns 


415mW 


'5 




2125 


1024 


Static. Three-Stale 


1024x1 


16 


95ns 


96ns 


525mW 


♦ 5 




212S-2' 


1024 


Static, Three-State 


1024x1 


16 


70ns 


70ns 


660mW 


+5 




2125L 


1024 


Static. Three-State 


1024x1 


16 


95ns 


95ns 


345mW 


•5 




211S-2 


16384 


16 Pin Dynamic 


16384x1 


16 


200ns 


asons 


a2amW/24inW 


«12. *S. -5 




21 16-3 


16384 


16 Pin Dynamic 


100D4X1 


16 


250ns 


375ns 


816mW/24mW 


♦ 12, *5. -S 




2116-4 


1 6384 


16 Pin Dynamic 


1 D004X1 


1 6 


300ns 


425ns 


780mW/24mW 


♦ 12, +5, -5 




2147 


4096 


riign opeeo atatic 


4096x1 


18 


60- 
90ns 


60- 
90ns 


500mW/S0mW 
(Typical) 


♦S 


>- 

^ AT 


3101 


64 


Fully Decoded 


16x4 


16 


60ns 


60ns 


525mW 


♦ 5 


HOTTI 


3101A 


64 


High Speed Fully 
Decoded 


16x4 


16 


35ns 


35ns 


525mW 


♦5 


O CD 
10 


3104 


16 


Content Addressable 
Memory 


4x4 


24 


30ns 


40ns 


625m W 


♦<5 




S101-S 


•1024 


Static CMOS RAM 


256x4 


22 


800ns 


800ns 


150mW/2.5mW 


+5 


(A 


5101L 


1024 


Static CMOS RAM 


256x4 


22 


650ns 


650n5 


135mW/20MW 


♦5 


5101L-1 


1024 


Static CMOS RAM 


256x4 


22 


450ns 


450ns 


135mW/20uW 


♦5 


85 


5101L-3 


1024 


Static CMOS RAM 


256x4 


22 


650ns 


660ns 


136mW/1mW 


♦5 


a 


M5101-4 


1024 


Static CMOS RAM 
(-55°C to 125°C) 


256x4 


22 


800ns 


300ns 


168mW/1mW 


♦S 




M5101L-4 


1024 


Static CMOS RAM 
l-SS'C to 125»e) 


256x4 


22 


800ns 


800ns 


168mW/40C^W 


k — — 
♦S 
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INTRODUCTION 

The combination of low cost, liigh speed, system 
design flexibility and data non-volatility has made 
read only memories an important part of many 
digital systems in production 'today. The rapid 
development of semiccoLductor read only memories 
has produced a succession of faster, larger, and 
more flexible devices. 

Today, Intel combines the best of Schottky bipo- 
lar and P- and N-channef MOS semiconductor pro- 
cessing technologies' to manufacture the fastest and 
largest line of read only memory products available 
anywhere in the world. 

This chapter is divided into three sections. In the 
first section. Understanding the Technology, the 
various technologies used to produce read only 
memories and programmable read only memories 

are discussed in order to achieve a good understand- 
ing of how these devices operate and how one 
technology differs from another. 

The second section describes the device from an 
operational and programming point of view, and 
presents Intel's extensive line of read only memo- 
ries. In the third section, System Applications, the 
system aspects of address driving, output ORing, 
array configuration, printed circuit board layout, 
and power supply decoupling are presented. 



Read Only Memories 

A read only memory is an array of selectively open 
and closed unidirectional contacts. In the 16-bit 
array example shown in Figure 1 , half of the ad- 
dress lines are decoded and used to energize one of 
the four row Unes. This, in turn, activates those 
column lines ^i^iich have a closed contact to the 
one selected row line. The remaining address lines 
are decoded and enable one of the column sense 
amplifiers. If chip select is true, the data is gated to 
the output pin by the output driver. 

The primary differences in read only memories is 
in the forming of the open or closed contact; that 
is, in the design of the cell. In mask programmable 
read only memories (ROMs) the contact is made to 
selectively including or excluding a small conduct- 
ing juniper during the final phase of semiconductor 
manufacture. In bipolar programmable read only 
memories (PROMs) the contact is made vrith a 
fusible material such that the contact can later be 
opened, allovraig the data pattern to be configured 
by the user after the device has been manufactured. 

Once programmed. Erasable Programmable Read 
Only Memories (EPROMs) allow the programmed 



ROW DRtVERS 




ROWOECOOER 



5^ 



5^ 



COLUMN tNABLCS 



COLUMN OECOOER 



y7 



OUTPUT «i>> 
DRIVER 



Figure 1. 164it Simplifiad Array. 



contacts to be restored to their initial state, such 
that they can be re-programmed as often as desired. 

UNDERSTANDING THE TECHNOLOGY 

As shown in Figure 2, there are two basic PROM/ 
ROM technologies — bipolar and MOS. Their pri- 
mary difference is in access time; bipolar access 
times are approximately 50-90 nS. and MOS access 
times are about an order of magnitude higher. Bi- 
polar readonly memories are available in IK, 2K, 
and 4K bit sizes, while MOS read only memories are 
available in 2K through 16K bit sizes. Although 
PROMs and ROMs are availtble froaj both tee^^nBl- 
ogies, EPROMs are available only with I^OS t^ah- 
nology. 



Figure 2. PROIM/ROM Technology Family Tree. 
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Bipolar Technologies 

As previously mentioned, bipolar devices offer high- 
er speeds than MOS devices. For very high volume 
usage with those devices whose data pattern never 
change, mask programmable read only memories, 
commonly callecl ROMs, provide the lowest cost. 

Blectrically programmable read only memories, or 
PROMs, allow the data pattern to be defined when 
the device is used jM^ti^tban whkn the device is 
manufactured. ' 



uSask programmable read only 
memories 

Integrated circuit devices are fabricated froin a 
wafer of silicon through 9 number of processing 
steps, including photo masking, etching, and dif- 
fusing in order to create a pattern of junctions and 
interconnections across the surface of the wafer. 
One of the final steps in the manufacturing process 
is to coat the entire surface of the sihcon wafer 
with a layer of aluminum, and then to selectively 
etch away pcxrtlons of the aluminum, leaving the 
desired interconnecting pattern. In the manufac- 
ture of mask programmed read only memories, the 
row-to-column contacts are selectively made by 
the inclusion or exclusion of aluminum connec- 
tions in the final aluniinum etch process. 

The normal lead time required for fabrication of a 
hew integrated circuit can be foreshortened from 9 
to 10 weeks to about 4 to 6 weeks because the 
wafers can be manufactured through the point of 
metalization and held in storage until the data 
pattern is defined. By this method, the lead 
time required for delivery of a particular ROM 
pattern is only the time required to produce the 
mask and etch the final metal pattern on the wafer. 

ELECTRICALLY PJROGRAMMABLE READ 
ONLY MEMORIES 

Electrically programmable read only memories al- 
low the data pattern to be defined after final pack- 
aging rather than when the device is manufactured. 

,Three types of electrically programmable read only 
teemoiies, commonly called PROMs, will be dis- 
cussed here. 



The Nichrome Fuse 

The first PROMs were made with a nichrome fuse 
technology. Nichrome, an alloy of nickel and 
chrome, is deposited as a very thin film link to the 
column lines of the PROM. Heavy currents cause 
this film to "blow", opening the connection be- 
tween the row and column lines. The cell is actually 
constructed of a transistor switch and the nichrome 
fuse, as shown in Figure 3. When the row is 
setected, the transistor, Qxy> is turned on, and, 
if the fuse is intact, the column bus is pulled 
towards V^c (+5V). If the fuse is "blown" or 
open, the column bus is left fioating. 



1 



Figure 3. Typical Fuse Cell. 



Nichrome Problems 

Problems with nichrome fuses are all related to the 
technology. The selection of aluminum as the con- 
ductive material in integrated circuits and transis- 
tors did involve some serious metallurgical consid- 
erations. Of major importance is the fact that 
aluminum readily adheres to silicon dioxide, but 
does not rapidly diffuse through it. In addition, 
aluminum forms non-rectifying (ohmic) contacts 
with silicon.' Still, the formation of good siUcon- 
to-aluminum contacts has always been a problem; 
the formation of good, reliable nichrome contact 
is a greater problem. 

In addition, nichrome is not the easiest material to 
work with, especially considering the extremely 
thin layer (about 200 Angstroms) that must be 
deposited in order to achieve the desired resistance 
in the fuse. This deposition is very hard to control 
and the nichrome is ad^ionally subject to cor- 
rosion.^ 



Parker, G. H., J. C. Cornet, and W. S. Pinter. "Reliability Con- ^Bauer, Josepli B. "Military Microcircuit Paclcaging," The Elec- 
' siderations in the Design and Fabrication of Polysilicon Fusible tronic Engaiem, taty 1972. 
Link PROMs." A lecture to the IEEE 12th Annual Proceedings 
on ReUibility Physics, 1974. 
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The most serious problem associated with nichrome 
fuse technology is probably the phenomenon com- 
monly referred to as "growback",^ the reversal of 

the programming process such that a single bit will, 
after some time, go from the programmed state 
back to the unprogrammed state.'' Considerable 
analysis has been done to investigate this growback 
phenomenon^" ^ in nichrome fuse PROMs to under- 
stand how the nichrome fuse blows, ■''^•^ to deter- 
mine the location aa4 movement of the metals 
before and a^er fu^tm.^^ and to detennine why a 
small number pfthese fuses (once blown) appear to 
reCOnhiict.^''*^ 

Fusion occurs under a layer of glass which has 
been added to the entire wafer to provide scratch 
protection and to minimize electron migration in 
the metal. Since fusion takes place without oxygen, 
or any Other atmosphere, oxidation cannot play an 
important part in the fusing. It appears, rather, 
that the nichrome heats up under heavy current 
and becomes molten, forming a very narrow gap. 
Figure 4 is a picture taken with a scanning electron 
micHMCope of a blown nichrome fuse. Notice the 
fing^, or dendrites, of nichrome. Studies indicate 
that it is dendritic relinking that causes the fuse to 
begin to reconduct after some period of time.^ 




Photo courtesy of HI -RE L Laboratories 
San Marina, California 



Figure 4. Blown NiehniMi Fuis; 



"^Barnes, D. ,E. and J. E. Thomas. "Reliability Assessment of a 
Semiconductor Memory by Design Analysis." A lecture to the 
IEEE 12th Annual Proceedings on Reliability Physics, 1974. 

^vaney, John R. and A. M. Sheble, lU. "Plasma Etching PROMs 
and Other Problems." A lecture to the IEEE 12th Annual Pro- 
ceedings, on Reliability Physics, 1974. 

^Eisedwtg, P. H. and R. Nosier. "Nichrome Resistors in Pro- 
graimnable Read Only Memoiy Integrated Circuits." A lecture 
to the SEE 12th Aimtial Proceedings on Keltability Physics, 
1974. 



Electron microscope investigations reveal that ran- 
dom concentrations of nickel appear around the 
fu^d links,* and that the nickel reacts with the 
underlying Si02 in the gap,' forming a nickel-glass 

structure that resists chemical etching.^ Aho, <^o- 
mium was found present in the gap.' 



The reliability problems with nichrome fuse PROMs 
all relate to nichrome fuse processing technology; 
"growback" is inherent in the use of this technol- 
ogy. Some efforts have been made to find tests that 
will isolate PROM fuses that have a higher probabil- 
ity of relinking. These testing techniques include 
temperature stressing, temperature cycling, high 
temperature burh-in, and testing at reduced volt- 
ages. No test has been devised which will eliminate 
the relinking problem. 



'Franklin, PaiJ arid David Biiigess. "Reliability Aspects of Ni- 
chrome Fusible Link PROMs (Programmable Read Only Mem- 
ories)." A lecture to the IEEE 12th Atmual Proceedings on 
Reliability Physics, 1974. 

Baitinger, W. E., N. Winograd, J. W. Amy, and J. A. Munarin. 
"Nichrome Resistor Failures as Studied by X-Ray Photodection 
Spectroscopy (XPS or ESCA)." A lecture to the IEEE 12th 
Annual Proceeditigs on Reliability Physics, 1974. 



A CASE STUDY OF NICHROME GROWBACK 

In one particular study of nichfoiae fuse failtti^ per- 
formed by Litton,^ the PROMs "were random sam- 
ples from PROMs supplied by fotir manufaetiueis 
representing a buy of about twenty thousand 1024 
PROMs over a three-year period. These PROMs were 
purchased to a high reliability fuU-temperature range 
specification reflecting a Mil Std-883 Class B screen- 
ing requirement." 

Froni this«une study . . . 

"It was found that there appeared to be a glass ni- 
chrome reaction which resulted in the formation of 
a glass structure which resisted the etch. These re- 
sistors had exhibited the reappearing bit phenomena 
after being in the computer in service in the field for 
some length of time. Further analysis of these re- 
sistors by the electron beam microprobe provided 
information needed to achieve a conceptual under- 
standing of this growback reaction." 

"Hard to program bits were associated with proce^ 
control and PROM design. It was concluded that 
better than state of the art process controls were re- 
quired. Therefore, additional screens were needed to 
insure reliability. The limitation of the number of 
program pulses and the energy to program was of 
extreme importance." 
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The Silicon Fuse 

Intel bipolar PROMs, a typical cell of which is 
shown in Figure 3, work in the same manner as do 
the, nichrome fuses, with the exception that the 
foSC' material is polycrystalline silicon, which is de- 
posited in a thick layer at the appropriate stage in 
the manufacturing process. This is the same stand- 
ard, reliable technique that has been used by Intel 
in producing millions of MOS LSI circuits every 
week using polycrystalline silicon. 

i^V^ktOf the Intel bipolar PROMs have included on 
the die a test row and column which are blown at 
wafer sort. The extra row and column are incorpo- 
rated primarily to improve the programming yield 
of the final end product. By addressing this test 
the functionality of the decoders and the pro- 
nability of the fuses can be verified. The test 
fuse circuitry is designed such that arrays with un- 
lisual fuses that could cause programming yield 
pioblems can be screened at electrical test. 

The fuse, shown in Figure 5, is a notched strip of 
polycrystalline silicon. Figure 6 shows an array of 

12 cells. Each cell consists of a single transistor 
in an emitter-follower configuration with the sili- 
con fuse connecting to the column line as shown 
in Figure 3. A cross section of the cell is shown in 
Figure 7. 



WORD LINE 




Figure s. Unblown Polyiilieon Fuse. 



The thickness of the silicon fuse is nominally 3000 
Angstroms, 1 5 times the thickness of the nichrome 
^P^, Resistivity of the fuse is controlled by doping, 
^ii; standard integrated circuits. 



BIT BIT BIT BIT 

LINE LINE LINE LINE 

I i I \ 




' WORD LINE 



- WORD LINE 



Figure 6. Polysilicon Cell Array. 




Figure 7. RDlysilioon Fuse Cross Section. 

The fuse is blown with a pulse train of successively 
wider pulses, with a current of 20—30 mA typically 
needed to blow the fuse. During this "blowing" 
operation, temperatures estimated at 1400°C are 
reached in the notch of the polysilicon fuse. At 
these temperatures, the silicon oxidizes and forms 
an insulating material. Figure 8 shows a blown and 
unblown fuse. The use of silicon eliminates con- 
ductive dendrites and the existence of conductive 
materials in the fused gap. 




Figure 8. Blown and Unblown Polysilicon Fuse. 
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Since silicon is a s^daid inte^ted circuit mate- 
rial, no new contact problems or problems with dis- 
similar materials are encountered. Growback does 
not exist with the silicon fuse. After 3 billion fuse 
hours of system life testing at 85°€, zero failures 
have been found. 

The Shorted Junction 

A third type of bipolar PROM implementation is 
the shorted junction. The shorted junction cell is 
shown in Figures 9 and 10. In this cell, diode Qi 
is reverse-biased and the heavy flow of electrons in 
the reverse direetionlcauses aluminum atoms from 
the emitter contttct to migiate through tiie emitter 
to the base, causing an emitter-to^base. short, Ex- 
treme care must be taken such that suffi^ent con^ 
tact is made to the base without actually punctur- 
ing and shorting through the base. 



O, Oj 



MOS Technology 

FAMOS IMPLEMENTATION 

As ment^ned earlier, it is possible to produce 
PROMs and RCMs using MOS technology. In 1971 
Intel introduced a unique erasable PROM tiiat 
allows the programmed information to be erased 
by exposure to ultraviolet li^t of the correct 
wavelength and intensity. 

The storage element is the Floating gate Avalanche- 
injection MOS (FAMOS) charge storage device, a 
cross section of which is shown in Figure 1 1 . The 




FtOATINesiSAn 



H-TVPE SI SUBSTRATE 
omuN 

6 SOURCE 



FUtATINGGATE T I O SUBSTRATE 



Figure 9. Schematic of Shorted Junctnn Celts. 



Figure 1 1 . FAMOS Storage Cell. 




Figure 10. CrowSMtion of Shorted Junction GelK 



Although the shorted junction PROM does not 
have the reliability problems associated with the 
nichrqnie fuse, programming is greatly complicated 
by thfe facfr'that underprogramming results in iiisuf- 
ficient or intermittent contact with the base and 
overprogramming results in possible internal shorts. 
The problem of distributing heavy currents around 
the chip requires the use of multiple-layer metaliza- 
tipn, and,, as a result, most major semiconductor 
companies have not committed to the shorted junc- 
tion tedmology. 



operation of the celt depends oa charge transport 
to the floating gate by avalanche injeetion of 
electrons. The device is essentially a silicon gate 

MOS field effect transistor in which no connec- 
tion is made to the silicon gate. Operation of the 
FAMOS memory structure depends on charge 
transport to the floating gate by avalanche injec- 
tion of electrons from either the source or drain. 
A junction vpltage in excess of -30V appUed to a 
p-chaimel FAMOS device will result in the injection 
of high-energy electrons from the p— n junction 
surface avalanche region to the floating silicon 
gate. The amount of charge transferred to the 
floating gate is a function of amplitude and dura- 
tion of the applied junction voltage, as shown in 
Figure 12. The presence or absence of charge can 
be sensed by measuring the conductwce between 
the source and drain. 

Once the applied junction voltage is removed, no 
discharge path is available for the accumulated 
electrons since the gate is surrounded by thermal 
oxide, which is a very low conductivity dielectric. 
The electric field in the structure after the removal 
of junction voltage is due only to the accumulated 
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ELECTRONS 
STORED 





Vw = 50 


VOLTS 




35V 












30V 





Table I. The Intel PROM/ROM Family. 





IK 
(256 x 4) 

16-Pin 


2K 
(512 X 41 
16-Pin 


4K 

(512x8) 
24-Pin 




oclil 




octii 


TSKI 


octi! 


Tsa 


PROMs 


3601 


3621 


3602 


3622 


3604 


3624 


ROMs 


3301 A 




3302 


3322 


3304A 


3324A 



NOTES: 1. Opan-co Hector output 
2. Three-state output. 



Figure 12. Charge Transfer vs. Programming Pulse Width. 

electron charge and is not sufficient to cause 
charge transport across the polysilicon-thermal- 
oxide energy barrier. 

Charge decay plots as a function of time at 125°C 
and 300°C are shown in Figure 13. An extrapola- 
tion of the 300°C charge decay results indicates 
that 70% of the initial induced charge will be 
retained for as long as 10 years at 125°C. 
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Figure 13. Charge Decay vs. Time. 



Since the gate electrode is not electrically acces- 
sible, the charge cannot be removed by an electrical 
pulse. However, the initial condition of no elec- 
tronic charge on the gate can be restored by 
illuminating the FAMOS device with ultraviolet 
light, which results in the flow of a photocurrent 
from the floating gate back to the silicon substrate, 
thereby discharging the gate to its initial condition. 
This erase method allows complete testing of a 
complex programmable read only memory array. 

SPECIFIC DEVICE DESCRIPTIONS 
Bipolar Devices 

Intel manufacturers a complete Une of bipolar 
PROMs and ROMs as shown in Table I, and In the 
Rroduet SefecMon Guide, page PSG-2. 



Each PROM is pin-for-pin compatible with its mask 
ROM counterpart. Programming is accomplished 
by "blowing" a polysilicon fuse in the emitter leg 
of the bipolar transistor that serves as a data stor- 
age cell. Because of the internal circuitry, the initial 
(unprogrammed) state of the output of the 3601 
PROM is low, while the 3602/3622 and 3604/3624 
devices have an initial state that produces a high 
output. 

In the 2K and 4K sizes, the part can be ordered 
with either an open-collector or three-state output. 

3601/3621 AND 3301A 

The 3601/3621 and 3301 A IK PROM and ROM 
pin configuration and logic symbol are shown in 




CSi 


Ol 


csj 




«0 




Ai 


°1 


3601 

»3 




*4 


O3 


«5 




A» 




A? 


O4 



Ao-A, 


ADDRESS INPUTS 


0,-04 


DATA OUTPUTS 


C$1, CS2 


CMIPSEI.ECT INPUT 



Figure 14. 3601/3621 and 3301A Pin Configuration 
and Logic Symbol. 

Figure 14, and the address and data waveforms are 
shown in Figure 15. The device is organized as 256 
4-bit words. The AC characteristics are summarized 
in Table II, and the DC characteristics in Table III. 
QipKilsaice is staown in T^ble IV. 
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Figure 15. SfiOI^SOIAM^iress and Data Waveforms. 



Table II. 3601/3301A A.C. Characteristics. 



SYMBOL 


PARAMETER 


DEVICE 


LIMITS 


UNIT 


TEST CONDITIONS 


TYPE 


0°C 


25°C 


75°C 


tA++. <A~ 


Address ^ Output Delay 


3301 A 


45 


45 


45 


nS 


CSi and CS2 must be at V|l to 


tA++. tA-+ 




3601 


70 


60 


70 


nS 


activate the PROM. . - 

. J 






3601-1 


50 


50 


50 


nS 


.1 V 


tS4+. ts— 


Chip Select to Output Delay 


3301 A 


20 


20 


20 


nS 








*01 


25 


25 


25 


nS 








3601-1 


25 


25 


25 


nS 





A simplified block dia^am is shown in Figure 16, 
with a typical 1-bit schematic shown in Figure 17. 

Addresses A3— A7 select 1 of 32 rows by activating 
1 of 32 decoders. Each row consists of 32 cells. Ad- 
dresses Aq— A2 enable the 1 of 8 decoders, multi- 
plexing 1 of 8 bits to the appropriate sense ampli- 
fier as shown in Figure 17. The logical AND of 
CS2 • CSi energizes all the columns in the array 
and provides a programming path as will be de- 
scribed later. CSj, which is also active low, enables 
each of the four output buffers. 

The transistora are Sfchottky barrier diode clamped 
to allow faster switching speeds than devices fabri- 
cated with a conventional gold diffusion process. 

Each of the address lines has a low voltage diode 

input clamp to minimize line reflections. 

The outputs are open-collector, which allows them 
to be OR-connected for memory expansion. The 
capacitance of the data out pins is typically 7 pF, 



as shown in Table IV, or 56 pF for eight devices 
OR-tied together. 

Programming the 3601 is accomplished by pulsing 
Vcc and CS2 with waveforms as described in the 
programming section. The initial (unprogrammed) 
state of the device is with all outputs low; that is, 
a bit is considered programmed when the'' output is 
high. 

3602/3622 AND 3302/3322 - 

The 3602/3622 and 3302/3322 pin configuration 
and logic symbol are shown in Figure 18. 

The 3602/3302 has an open-collector output, while 
the 3622/3322 is a three-state output. A simplified 
block diagram of the part is shown in Figure 16. 
The schematic is shown in Figure 17. As indicated 
in Figure 16, the organization is 512X4 bits. 
OperatiMl fe msHo^m to the IK PROM described 
earlier. 
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Table III. 3601/3301A D.C. ChwactCTisties. 



All limits apply for Vcc = +5.0V ±5%. Ta = 0°C to +75°C 



SYMBOL 


PARAMETER 


MIN 


TYP'" 


MAX 


UNIT 


TEST CONDITIONS 


l_ . 
'FA 


Art/Hrncc Inmit 1 narl f^nmnt 




-0.05 


-0.25 




\/__ = 5 25V 
vcc J.^jv, 

Va = 0.45V 


Ice 

'FS 


f^hin QalBft Inniit 1 nufi f^iirrnnt' 




-0.05 


-0.25 


mA 


Vnr- = 5 25V 

V cc J.^O V , 

Vs = a45V 


'RA 


nuurcss rnpul ueaKage v«urreni 






40 


M A 


vcc o.^ov, 

Va = 4.0V 


'RS 


Chip Sclsct I nput LcdkdQC CurrGnt 








((A 


\/__ c oc\/ 
Vs = 4.0V 


VCA 


Address Input Clamp Voltage 




-0.7 


-1.0 


V 


Vcc " 4./bV, 
Ia = -5.0 mA 


Vcs 


Chip Select Input Clamp Voltage 




-0.7 


-1.0 


V 


Vcc = 4-75V, 
Is = -5.0 mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, 
Iql = 15 mA 


'CEX 


Output Leakage Current 






100 


ma 


Vcc = 5.25V, 

VcE = 5.25V 


Ice 


Power Supply Current 3601 




90 


130 


mA 


Vcc = 5.25V, 
Vao ^ Va7 = OV 
Vso = Vsi = OV 


3301A 




90 


125 


mA 


V|L 


Input "Low" Voltage 






0.85 


V 


Vcc = 50V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc = 5.0V 



NOTE: 1. Typical values are at 25''C and at nominal voltage. 



Table IV. 3G01/3301A Capacitance^] . 



SYIMBOL 


PARAMETER 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


C|NA 


Address Input Capacitance 


4 


10 


pF 


Vcc = 5V V|N = 2.5V 


ClNS 


Chip Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V|N = 2.5V 


CoUT 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT = 2.5V 



NOTE; 1. This parameter is only periodically samples and is not 100% tested. 



Referring to Figure 17, addresses A3-A8 select 1 
of 64 rows, each row consisting of 32 cells. Ad- 
dresses Aq— A2 enable the 1 of 8 decoders, multi- 
plexing 1 of 8 bits to the appropriate sense 
amplifier. 

Chip select, CS, enables the output buffer, and 
provides the prograipaiit]^ path. 

The 3302 and 3322 provide ROM capability for 
applications that have matured sufficiently to allow 
use of a fixed data pattern. 



The 3602L-6 and 3622L-6 have the additional 
capability of reducing power whenever the chip is 
deselected; i.e., CS high. The standby power is 
236mW, compared to 685mW for the 3602 and 
3622. 

3604/3624 AND 3304A/3324A 

The 3604/3304A pin configuration and lo^c sym- 
bol are shown in Figure 19, arid typical wavefoims 
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NOTES: 

1. AHHAY IS 64 ■ 32 FOH 2K: 64 ■ 64 FOR 4K. 

2. 4K HAS 8 OgiPUTS. 

3. 2KHA51 CHIP SELECT; 4K HAS4CHIPSeLECTS. 



Figure 16. Simplified Bipolar PROM Block Diagram. 













14 


4 


13 




3602 


6 






10 


8 


a 






ADDRESS INPUTS 


□1-04 


DATA OUTPUTS 


cs 


CHIP SELECT INPUT 



Figure 18. 3602/3622 and 3302/3322 Pin Gofif igjil^lon 
and Logic Symbol. 



NOTES: 

2HAS1 CHIP SELECT. 
2. N>32FOR1Ka«K;N»64FOR2K. 



3\' 




SENSE AMPLIFIERS 



OoUT 
BIT1 



Figure 17. Typical Bipolar PROM Schematic. 
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Figure 19. 3604/3304A Pin Configuration and Ijigic 
Symbol. 



are shown in Figure 20. Table V summarizes the 
AC characteristics, with capacitance and DC char- 
acteristics summarized in Tables VI and VII, re- 
spectively. 

The organization of the device is 512 X 8 bits. The 
basic operation of the 4K device is directly analo- 
gous to the 1 K PROM as shown in Figure 1 7. Ad- 
dresses A3— Ag select 1 of 64 rows, each row con- 
sisting of 64 cells. Addresses Aq— A2 enable the 
decoders, multiplexing 1 of 8 bits to the appropri- 
ate sense amplifier. CSi provides the programming 
path, while CSj • CS2 • CS3 • CS4 provide ail en- 
able to the output. The 4-chip select terms may 
facilitate decoding when working with large arrays. 

The 3604L-6 has the additional feature that when 
the chip is selected (i.e., CSi or CS2 high), the 
power is reduced by approximately 70%. To utilize 

this feature, pins 22 and 24 must be connected as 
shown in Table VIII, which compares the 3604 and 
3604Lr6 Vex; connections. 




CHIP 

SELECT 

INPUT 



Figursa. 3304A/3604 Addran and Data Wavaformt. 



Table V. 3304A/3604 A.C. Characteristics. 



Vcc = +5V ±5%, Ta = 0°C to +75°C 



SYMBOL 


PARAMETER 


MAX 


UNIT 


TEST CONDITIONS 


tA++. tA — 


Address to Output Delay 


3304A 


70 


nS 


CSi = CS2=V|L and CS3 = CS4 = V|h 


tA+-, tA-+ 




3604 


70 


nS 


to select the PROM. 






3604L-6 


90 


nS 




ts++ 


Chip Select to Output Del^y 


3304A 


30 


nS 








3604 


30 


nS 








3e04L-6 


30 


nS 




ts_ 


Chip Select to Output Delay 


3304A 


30 


nS 








3604 


30 


nS 








3a04L-6 


120 


nS ' 





f 
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Table VI. 3304A/3604 CapacttancetH . 



SYMBOL 


PARAMETER 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


C|NA 


Address Input Capacitance 


4 


10 


pF 


Vcc = SV ViN = 2.SV 


C|NS 


Chip Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N = 2.5V 


CoUT 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT = 2.5V 



NOTE; i. ThitparwMter Is only periodically samples and is not lOOK tested. 



Table VII. 3304A/3604 D.C. iC^haracteristics. 

All limits apply for Vcc = +5.0V ±5%, Ta = 0°C to +75°C 



SYMBOL 


PARAMETER 


MIN 




MAX 


UNIT 


TEST CONDITIONS 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Va = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.50 


mA 


Vcc = 5.25V, Vs = 0,46y 


'ra 


Address Input Leakage Current 






40 


ma 


Vcc- 5.2SV, Va = 6.25V 


Irs 


Chip Select Input Leakage Current 






40 


ma 


Vcc = 5.25V, Vs = 4.0V 


VcA 


Address Input Clamp Voltage 




-0.7 


-1.0 


V 


Vcc = 4.75V, Ia = -5.0 mA 


Vcs 


ChipSeleet inputClamp Voltage 




-0.7 


-1.0 


V 


Vcc = 4-75V, Is = -5.0 mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL = 15 mA 


■CEX 


Output Leakage Current 






100 


ma 


Vcc= 5.25V, VcE = 5.25V 


'cci 


Power Supply Current 
.3304A and 3604 






190 


mA 


Vcci = 5.25V, VA(r*VA7 = 0V 

CSi = CS2 = OV 

CS3 = CS4= 5.26V ' 


'CC2 


Power Supply Current (3604L-6) 
Active 






140 


mA 


Vcc2 =• 5.25V, Vcci - Open 
Chip Selected 




Standby 






45 


mA 


Chip Deselected 


VlL 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc = 5.0V 



NOTE: 1. Typical yatlies are at 2S°C and at non<inal voltasi. . 



Table Vlil. 3604/3604L-6 Conneetlont and Pbwer Consumption. 



DEVICETYPE 


edNNECTK>N 


READ 


PROGRAM, 


POWER 


3604 


Pin 22 . 
Pin 24 


+BV or No Connect 
+5V 


Pulsed 12.6V 
Pulsed 12.6V 


998 mW maximum ^ 


3604L-6 


Pin 22 
Pin 24 


+5V 

No Connect 


Pulsed 12.5V 
Pulsed 12.5V 


735 mW maximum with chip selected 
236 mW maximum with chip deselected 



NOTE: 1. Do not connect pin 24 of the 3604L-6 to any other pin 



and its mask programmable counterpart, the 1 302, 
are 2048 bit MOS devices, organized as 256 x 8 bits. 
The 2704 and 2708 are, respectively, 4K (512 x 8) 
and 8K (1024 x 8). The 2308 is the mask counter- 
part of the 2708. The 1702A, the 2704 and the 
2708 EPROMs are all implemented with the'tntei 
FAMOS technology. 



The 3304AL6 mask ROM is available for ROM 
users who wish to take advantage of the power 
reduction feature of the reduced standby power. 

MQSDevicies 

The liitel famUjr of MOS PROMs and ROMs can 
also be divided into two groups. The 1 602A/ 1 702A, 
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OHtSS lltfUIS I 



Figure 21. 1 302/1 602A/1702A Pin Configuration and 
tngie Symbol. 



2048 BIT 
ROM MATRIX 
(2SGX8) 



Figure 22. 1602A/1702A Block Diagram. 
1602A/1702A/1302 

The logic symbol and pin configuration for these 
devices is shown in Figure 21, and the block dia- 
gram is shown in Figure 22. The 1302 mask pro- 
grammable device is pin for pin compatible with 
the electrically programmable devices. 

The FAMOS data storage cell used in the 1602A/ 
1K)2A is describi^-^-'Mie technology section. 

The operation and electrical characteristics of the 
1602A and the 1702 A are identical; the 1702A is 

packaged with a quartz lid to allow erasure by high 
intensity ultraviolet light as described in the tech- 
nology chapter. The 1602A/1702A switching char- 
acteristics are shown in Figure 23, and AC and DC 
characteristics are summarized in Tables IX and X, 
respectively. Capacitance is showij in Table. XI. 



i3C 



- CYCLE tiME * VFREQ. ■ 



I 



Vol ■ 



DESELECTION OF DATA OUTPUT IN Ofl-TIE OPERATION 



V|L 
V|H 



X 



CONDITIONS OF TEST: 

INPUT PUL5E AMPLITUDES; 0TO4V; 
tfl, tp <S0 DS. 

OUTPUTS LOAD IS 1 TTL QATE; MEASURE. 
MENTS MADE AT OUTPUT OF TTL GATE 
{tpD <15nS). Cl = 15pF 



Figure 23. 1 302/1 602A/1702A Waveforms. 



The operation of the 1602A/1702A is similar to 
the bipolar PROMs described earlier. The higher 
order address bits A5— A7 perform the row decode 
function, while the low order address bits provide 
the column decode. Chip select, CS, is active low 
and enables the eight output buffers. 

For low power applications, with the 1602AL/ 
1702AL it is possible to clock the Vgg (-9V) sup- 
ply, resulting in a decrease of power- proportional 

to the Vqg duty cycle. 

As with the bipolar PROMs, care should be taken 
with the number of devices that are OR-tied to- 
gether such that access time is not compromised. 

The initial (unprogrammed) state of the 1602A/ 
1702A is all "O's" (output low). Programrriing is 
accomplished by writing "I's" (output high) in the 

proper bit locations. 

Figure 24 presents various parametric curves that 
will assist the designer in determining Worst case 
conditions when using the dewce^. 
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Table IX. 1 302/1 602A/1702A A.C. Characterittia. 

Ta = 0°C to +70°C, Vcc = +5V ±5%, Vqd = -9V t5%. Vqg = -9V ±6%, unless otherwise specified. 



SYMBOL 


PARAMETER 


MIN 


TYpllI 


MAX 


UNIT 


Frequency 


Repetition Rate 






1 


MHz 


*0H 


Previous Read Data Valid 






100 


no 


Ucc 


Address to Output Delay 




0.7 


1 


MS 


tovGG 


dloctced Vgg Set Up 


1d02ALyi702AL 

1302 


1 
1 






MS 
MO 


tcs 


Chip Select Delay 


1602A/1702A 
1302 






100 
200 


nS 
nS 


tco 


Output Delay from CS 


1602A/1702A 
1302 






900 
500 


nS 
nS 


toD 


Output Deselect 






300 


nS 


tOHC 


Data Out Hold In Clocked Vqg Mode'^' 






5 


Mf 



NOTES: 1, Typical values are at 25°C and at nominal voltage. 

2. The outputs will remain valid for tQnc 3^ long as clocked Vqg 's a* ^CC- address change may occur a$ soon as the output is 
siBnsed (clocked Vqq may still be at Vqc)- Data becomes invalid for the old address when clocked Vqq is returned to Vqq. 



Table X. 1 302/1 602A/1702A D.C. and Operating Characteristics^] . 

Ta = 0°C to +70°C, Vcc = +5V ±5%, Vqd = -9V ±5%, Vgg = -9V ±5%, unless otherwise specified. 



SYMBOL 


PARAiWtTER 


MIN 


TWl« 


MAX 


UNIT 


TESTCONDITrONS 


Ili 


Address and CTiip Select 

Input Load Current 






1 




V|N = OV 


Ilo 


Output Leakage Current 






1 


ma 


Vqut = O OV, CS = Vcc-2 


•ddo 


Power Supply Current 




5 


10 


rtiA 


Vgg = Vcc. ^ = Vcc-2 

Iql =O.OmA, Ta = 25°C 


'ddi 


Power Supply Current 




35 


50 


mA 


CS = Vcc-2 ^ 
IOL=0.0mA, Ta = 25°C 




IdD2 


Power Supply Current 




32 


46 


mA 


CS = 0.0 

loL = 0.0 mA, Ta = 25°C 


Continuous 
Operation 


IdD3 


Power Supply Ctirrant 




38.5 


60 


mA 


CS = Vce-2 

Iql = 0.0 mA, Ta = 0''C 


ICFI 


Output Clamp Current 




8 


14 


mA 


Vqut = -10V, Ta = 0°C 




'CF2 


Output Clamp Current 






13 


mA 


Vqut = -10V, Ta = 25°cJ 




Iqg 


Gate Supply Current 






1 


ma 




V|L1 


Input Low Voltage for 
TTL Interface 


-1.0 




0.65 


V 




VlL2 


Input Low Voltage for 

MOS Interface 


Vdd 




Vcc-6 


V 




V|H 


Address and Chip Select 
Input High Voltage 


Vcc-2 




Vcc+0.3 


V 




lOL 


Output Sink Current 


1.6 


4 




mA 


Vqut = 0-45V 


'oh 


Output Source Current 


-2.0 






mA 


Vqut = 0.0V 


Vol 


Output Low Voltage 




-0.7 


0.45 


V 


lou = 1.6 mA 


Vqh 


Output High Voltage 


3.5 


4.5 




V 


Ioh'-IOOmA 



NOTES: 1. In the programming mode, data inputs 1 —8 are pins 4 — 1 1, respectively; CS = GND. 

2. V(3(3 may be clocked to reduce power dissipation. In this mode average I qq deia'eases in proportion to Vqq duty cycle. 

3. Typical values are at 25°C and at nominal voltage. 
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Table XI. 1 302/1 602A Capacitance. 
Ta = 25°C 



QVMRni 


PARAMETER 


TVD 

1 Yr 


MA V 


1 IMIT 
UNI 1 


TEST CONDITIONS 


C|N 


Input Capacitance 


1302 

1602A/1702A 


5 

8 


10 
15 


pF 
pF 


V|N - Vcc 




CouT 


Output Capacitance 


1302 

1602A/1702A 


5 
10 


10 
15 


pF 
pF 


cs = Vcc 

VouT = Vcc 

Vgg = Vcc 


All unused pins are 
■ at AC ground. 


CvQG 


VgG Capacitance (Clocked Vqg Mode) 




30 


pF 






outpOt sink current 

vs. OUTPUT VOLTAGE 




-3 -a -1 ♦! ♦! ♦» 
eUmiT VOLTMK (WLTtt 



AVERAGE CURRENT VS. DUTY 
CVCLE FOR CLOCKED Vqq 





45 




40 


'do 


36 


E 






2b 


1AGE 


3D 


> 


15 


< 






10 


■doo S 



CLOCKED Vqq ? -9V 



DOTY CYCLE flU 



ACCESS TIME VS. 
LOAD CAPACITANCE 



ACCESS TI^E VS. 
TEMPEAATURE 



I TTL LOAD 



■ -9V 

■ 25°C 



10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE tpH 



1 TTL LOKOarlOpl- 
«CC ••5" 



Figure 24. 1602A/17Q2A Parametric Curves. 



7-n 



PROMS an^llili^ 



PROGRAMMING 

All of flie PROMs described earlier require that 
data be entered^ by a technique different from that 
required to read. There are two ways of pro- 
gramming a PROM; one is lo satisfy the control 
requirements for a particular address, apply some 
sort of pulsed voltage to the appropriate connec- 
tion, and proceed to the next location. The other 
is to put the information on a mark/sense card or 
paper tape and give it to somebody. Both methods 
are presented here, 

PROGRAMMING THE 1 K BIPOLAR PROM (360 1 ) 

The 3601 may- be programmed using the basic 
circuit of Figure 25. Address inputs are at standard 
TTL levels. Only one output may be programmed 
at a time. The output to be programmed must be 
connected to Vcc through a SOOfZ resistor. This 
wiU force the proper programming current (3-6mA) 
into the output when the Vcc supply is later raised 
to lOV. All other outputs must be held at a TTL 
low level (0,4V maximum). 

The programming pulse generator produces a series 
of pulses to the 3601 Vcc and CS2 leads as shown 
in Figure 26 Vcc is pulsed from a low of 4,5V 
±0,25V to a high of lOV ±0,25V, while CS2 is 
pulsed from a low of ground (TTL logic 0) to a 
high of 15V ±0,25V, It is important t© accuMtdy' 
maintain these voltage levels; otherwise, improper 
programming may result. 

The pulses applied must maintain a duty cycle of 
50% ±10%, and start with an initial width of 1 pS 
±10%, and increase linearly over a period of ap- 
proximately 100 mS to a maximum width of 8 /nS 



±10%. Typical devices have their fuse blown within 
1 mS, but occasionally a fuse may take up to 400 
mS to blow. 

During the application of the program pulse, cur- 
rent to CS2 must be limited to 1 00 mA, The output 
of the 3601 is sensed when CS2 is at a TTL low 
lewl output A ^si^antHiei' bit wSU toBBT-a WL 
high output. After a fuse is blov^,, tte Vcc and 
CS2 pulse trains must be applied for another 500 



»0< 
Al ( 

A2 ( 

WORD *3 ( 
SELECTION , 



°N0 | ^ j "S 



I 



30on 
-VA — 



— 30on 



I 



T 



Figure 25. 3601 Programming Connei^ons. 




PROGRAMMING PULSE WIDTH 
(Vq: and CS2) «s. PROGRAMMING 
TIME 



PROGRAMMED BIT 



UNPROGRAMMED BIT 



MAXIMUM 8 



Figure 26. 360t Programming Waveforms. 



3 X 10"^ < < 10"* 



!00 400 mS 

PROGflAMMING ELAPSED TAME 



NOTES: 

1. DUTY CYCLE: 50 ±10%, 

2. RISr AND FALL TIMES (MEASURED 
FROM 10-90% POINTS): 100 nS MIN, 
300 nS MAX. 



4. PHASE SHIFT BETWEEN Vcc AND 
CS2: BO nS MAX e 7.5V. 
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PROGRAMMING THE 2K AND 4K BIPOLAR 
PBOMs (3602/3622 AND 3664/3624) W 

The 3602/3622 and 3604/3624 parts are also pro- 
grammed by forcing current into the output, but 
with the 3622 and 3624, the three-state outputs 
that are not being programmed must be allowed to 
float. Figure 27 shows the base circuit for pr(v 
grasuidng the 2K and 4K family of PROMs. 

The programming current that must be provided to 
each output is 5 mA ±10% for the 3602/3622 and 
3604/3624. 



The low standby power devices can be programmed 
in the same way, the only differences being that 
Vcci , Vcc2> and CSi must be connected and pulsed 
in accordance with Table XII an4 Figure 28. Note 
that pin 24 of the 3604 L-6 must not be connected 
to any other pin, or the power down circuit will 
not operate. 

Note that the Vcci and Vcc2 programming levels 
are 12.5V +0.5 V for the 3602, 3604, 3622, and 
3624. 

1.The3621 isalsa programmed by thiitMhnique. 



+24V 




NOTES: 

1 . For tha 36i2l and 3605/3625 family only tha program pulse 
may ba appl'nd to either CSf or CS2. 

2. CS3, CS4 are only for tha 3604/3624 PROM family. 

Figura 27. 3621 , 2K and 4K Bipolar PROM Programming 
Connectiam. 



Table XII. 3604/3604AL6 Programming Connectiont. 





PIN 


22 


24 


MODE 




Vcc2 


Vcci , 


READ 


3604 


No Connect 


+5V 






or+5V 


No Connect f 




3604L-6 


+5V 


PROGRAM 


3604 


Pulsed 12.5V 


Pulsed 12.5V 




3604L-6 


Pulsed 12.5V 


Pulsed 12.5V 


STANDBY 








POWER 


3e04L-6 


Power dissipation is automatically 






reduced whenever the 3604L^6 is 






deselected. 





NOTE: 1 . Do not connect pin 24 of the 3604L-6 to any other pin 




1StO.SV 
1150mA msKl 12.5V 



^ "I >" 'T-»\ U-so» m-J U-'R 



Unprogrsmmed Bit 



\ C>-Hpt_TTLtri 



Pragramawd Bit 



V 



[1] Data Sense Time should be at 90% (or greater) of t^. A bit is considered progi'^ifttn^ after 128 successful verifications.' The program 
pulses should continue to increase in accordance wlth th* ratnp shown above. After 1 28 successful verifications, the DC over program time can 
start. 

NOTE: All t9mes in parenthesis are in microseconds and em in mlnimum times unless othenwisa specified. 
Figura 28. 3602/3622 and 3604/3624 Programming Waimforms. 
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Brogramming the 1602A/1702A 

In its initi^ state the 1602A/1702A array will have 
all outputs to^. Pi^grainitting is acconipUs|ied by 
writing highs in the proper bit locatibns. The peak 
Idd current that must be provided for program- 
ming the 1602A/1702A is approximately 200 niA, 
and the entire device can be programmed in about 
2 minutes. Figure 29 shows the waveforms required 
for prograimming, while Table XIII shows the con- 
nections used. Table XIV and XV show the A.C. 
and D.C. characteristics for programming. 

During programming, Vcc should be held at ground 
and VgB should be held at +12V. Address levels 
are approximately -40V for a logic "0" (output 
low), and approximately OV for a logic "1" (output 
high). Note that these levels are larger in magnitude 
but in the .same polarity sense as those used for 
reading from the memory: 

logic "0": -1V< logic "0" <.65V, 
logic "1": > Vcc -2 
where Vcc = 5V ±5%. 



When programming, the negative-going power sup- 
plies (Vdd) must be pulsed. V^d is pulsed to -47V 
± I V. Vgg is brought to -35 to -40V, and the com- 
plement of the address to be programmed is applied. 
After the power has been applied for at least 25/liS, 
the address must be returned to its true form I CljuS 
or more after the address has reached its true steti,' 
and at least 100 fiS after turning on power, the 
3 mS program pulse (pin 1 3) at -47V ± 1 V may be 
applied. During the interval when Vdd is applied, 
data signals must be applied to the data output 
lines. A data level of approximately OV will result 
in the location remaining unchanged, while a level 
of -47V ±1V will program a logic "1" (output 
high in read mode). After the program pulse is 
turned off, the Vqd and Vgg voltages should be 
turned off. This turn-off sliould occur from 10— 
lOO/xS after removal of the program pulse. 

For best results, th6 1 602 A/1 702 A should -pftJ- 

grammed by scanning through the addresses in 
binary sequence 32 times. Each pass repeats the 
same series of programming pulses. The duty cycle 
for applied power must not exceed 20%. As a re- 



PUtSCDVbD 
POWER SUPPLV 




rawcRSupn.v 



DATA INPUT 

[DEVICE 
OUTPUT 
LINES) 



-.X T 



CONDITIONS OF TEST, 

INPUT PULSe RISE AND FALL TIMES 

CS = OV 



Figure 29. 1602A/t702A Programming Waveforms. 
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passes taking just over 2 minutes. 
ERASING THE 1702 A 

The 1702A EPROM may be erased by exposure to 
high intensity, short-wave ultraviolet liglit at a 
wavelength of 2537 Angstroms. The recommended 
integrated dose (i.e., UV intensity X intensity time) 
is 6W-sec/cm^. The devices are made with a trans- 
parent quartz lid covering the silicon die. Conven- 
tional room Ught, fluorescent light, or sunlight has 
no measurable effect on stored data, even after 
years of exposure. However, after 10—20 minutes 
under a suitable source, the device is erased to a 



to the device, it is recommended that no more 
- ultraviolet light exposure be used than that neces- 
sary to erase the 1702 A. 



CAUTION '* 

When using an ultrayiolet source of liiis type, 
care should be taken not to expose the eyes 
or skin to the ultraviolet rays, as damage to 
vision or burns may occur. Abo, these short- 
wave rays may generate considerable amounts 
of ozone whidi is potentially hazardous. 



Table XIII. 1602A/1702A Programming Connections. 



PIN 


12 


13 


14 


15 


16 


22 


23 




(Vcc) 


(Program) 


<CS) 


(Vbb) 


(Vgg) 


(Vcc) 


(Vcc) 


Read 


Vcc 


Vcc 


GNO 


Vcc 


Vgg . 


Vcc 


Vcc 


Programming 


GND 


Program Pulse 


GND 


Vbb 


Pulsed Vgg (Vil4p) 


' GND 


GND 



TaUa XIV. 1 602A/1702A D.C. and Opera|liig Characteristics for Programmifig Operation. 
T;^- 25''C, Vcc = OV, Vbb - + 12V± 10%, S§ = OV unless otherwife noted 



SYIVIBOL 


TEST 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


'uiip 


Address and Data Input 
Load Current 






10 


mA 


V,N = -48V 


'lI2P 


Program and Vqq 
Load Current 






10 


mA 


V,N = -48V 


'bb 


Vgg Supply Load Current 




10 




mA 




Iddp'" 


Peak Supply 
Load Current 




200 




mA 


Vdd= Vp™= -48V 
Vgg= -35V 




Input High Voltage 






0.3 


V 




^ILIP 


Pulsed Data Input 
Low Voltage 


-46 




-48 


V 






Address 1 nppt Low 


-40 




_ J 


V 




^IL3P 


Pulsed Input Low V^^ 
and Program Voltage 


-46 




-48 


V 




^IL4P 


Pulsed Input Low 
Vqq Voltage 


-35 




-40 


V 





Notsl: Idqp flows miy during Vqq.Vqq on time. Iqqp should not be allowed to exceed 300mA for greaw tfwn IOOmsbc. Anenige p o w e r 
supply current IqdP is typically 40fnA at 20% duty cycle. 



2. The Vqb supply must be limited to 100mA max current to prevent damage to the device. 
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Ta ble XV. 1602A/1702A A.C. Characteristics for Programming Operation. 

Ta = 25''C, Vcc = OV, Vbb = + 12V ± 10%, gS = OV unless otherwise noted 



SYMBOL 


TEST 


MIN. 


TVD 

1 Yr. 


M AA. 


1 IM IT 
UNI 1 






Duty Cycle 






zU 


% 




t^PW 


Program Pulse Width 






o 


ms 


VqG 4oV, VpD - 

Vpro8=-'»8V 


tow 


Data Set Up Time 


25 






MS 




^DH 


Data Hold Time 


10 






MS 




tvw 


Vdd . Vgg Set Up 


100 






MS 




tvD 


Vdd.Vgg Hold 


10 




100 


MS 




tACW^ 


Address Complement 
Set Up 


25 






MS 




tACH 


Address Complement 
Hold 


25 






MS 




^ATW 


Address True Set Up 


10 






MS 




tATH 


Address True Hold 


10 






MS 





Note. 3. All 8 addruss bits must be in the complemer^t state when pulsed Vqq and Vqq move to their negative levels. The addresses (0 Ihrvuflh 
255} must be programmed as shown in the timing diagram for a minimum of 32 times. 



Progranuners 

Table summarized some of the available pro- 
gfajriffi^ that support Idtei PROMs. Specific ques- 
tions regarding prices, availability, and options 
should be directed to the particular manufacturer. 

. -O 

All at M eJ^jtiiie^Q^.j^pgraininable parts manu- 
factured by Intel can be programmed by the end 
user with Intel approved equipment, or can be 
ordered from local distributors who are equipped 
with programmers compatible with each device 
type. In general, orders for less than 1 000 pieces of 
programmed PROMs should be handled by local 
distributors, while orders for greater than that.()uaar 
tity Aould be referred to the factory. In eitho- 
case, the data must be prepared in accordance with 



the following paragraphs. 

Programming information should be sent in the 
form of computer pimched c^ds or punched pa|^r 
tape. In all cases, the order should be accmHpihied 

by a printout of the truth table. 

The following general format is applicable to the 
programming Information sent to Intel : 

1. A data field should start with the most signifi- 
cant bit (Og) and end with the least significant 
bit (Oi). 

2, The data field should consist of P's and N's, P 
indicates a high level output (most positive), and 
N a low level output (most negative). If the pro- 
gramming information is sent on a punched 
paper tape, a start character (B) and an end char- 
acter (F) riiust be used in the data field. 



Table XVi. Approved Programmers, 





1602A/1702A 
Family 


2704 
Family 


2708 
Family 


3601 
Family 


3602/3622 
Family 


3604/3624 
Family 


Intel MDS'UPP-100 
Santa Clara, Calif. 


X 


X 


X 


X 


X 


X 


Data I/O Model V 
Issaquah, Wash. 


X 


X 


X 


X 


X 


X 


IVolog Series 90 
Monterey, .Calif. 


X 


Note 1 


Note 1 


X 


X 


X 


Spectrum Dynamics 

Series 550 
Burlington, Mass. 


X 


Note 1 


Note 1 


Note 1 


Notel 


Notel 



Note 1 . This programming card is pending Intel approval. 
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PUNCHED CARD FORMAT 

1. An SO-column Hollerith card (preferably inter- 
preted at time of punching) puitched by an IBM 
026 or 029 keypunch should be submitted. The 
first card will be a title card, formatted as shown 
in Figure 30. 

2. For a N words X 4-bit organization only, card 2 



and the following cards should be punched as 
shown in Figure 3 1 . Each card specified the 4-bit 
output of 14 words, 

3. For a N words X 8-bit organization only, card 2 
and the following cards should be punched as 
shown in Figure 32. Each card specifies the 8-bit 
output of eight words. 



TITLE CARD 
DESIGNATION 



CUSTOMER'S 
COMPANY NAME 



CUSTOMER'S 

DIVISION OR 
LOCATION 



DECIMAL NUMBER 
THE TRUTH TABLE 
NO. OF OUTPUTS 
4 or 8 
INTEL 
P/N 

CUSTOMER'S 
P/N 



INDICATING 
NUMBER 



f V'Z eu"c;ts3mics coup iw*r*> clwm c^h-jf 12345 (S> oa" 

' I ■■ II I I I I I I ii li I 

I III 111 I I I I I 

|i)ODO|||OODOO|OHI]OiSHIltHHHOH|DD|QODODDDDDOODOOOODDDDttllOtBDSgi|BOSDDtOO|| 
llllinillllttillllllllMIIIIIII]M|ll|ll1|i|ll|llllllllll|lllllllllll]Illllllll 

Ii)inii]]|i||n3]tn|]ii]3]33ii3]3ji|3i||iiii|ji]nn]]]]ii|ni3n||n]33)n]n 

SSSSSJSSS|S|SSSi|SSUSSSSS&USSHS&S|SSSSSSSSSSSSSSSSSSSSSS5SS|SSiStJJS|J|&&SS&S 
UIUGUI([SiGE|iCCiEi|GHiCStEII{(tl(ISii(tCtEtEt|ECtECEEtGEE((EEEUGECGSiHt(( 

;rnf|ijn)nfMMMiiir|jnnnnnijjijnnf777i?n7jn;nif;nMnini;mijj 

EEEBEtltlilEIBIIItlllllllllllllillllllllllllllllllllllllEIIIIIIIEIEEEIIIIIIIllll 

BBBESS3|3B3S9SiBB|SBBBS|3BS3Bl>S]99IBBISB)BilB3BB|BSBB3BBBBBBBBBBSSSBSBBB)SlBSBB 



ColuBnn 


Data 


1 


Punch a T 


2-5 


Blank 


6-30 


Cijstomer CoBnpany Naine 


31-34 


Blank 


35-64 


Customer's Company Division or location 


55-58 


Blank 


59-63 


Customer Part Number 


64-67 


Blank 


68-74 


Punch the Intel 4-digtt basic part numbet 
and in ( ) the nuBnber of output bits; e.g., 
1702 (8), 3304 (8), 3301(4), or 3601 (4). 


75-78 


Blank 


79-80 


PuBKh a 2 digit decimal number to identify 
the tnitli taMa nuBnbar. Tlw first 
tTBith table will be 00. second 01, third 
03, etc. 



Figure Title Card Fonnat. 



For a N words X 4-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 4-bit output of 14 words. 



DECIMAL NUMBER 
INDICATING THE 
TRUTH TABLE NUMBER 

iri. 

ififiM WBBtt Bite* 9999 BMIP PB»hN PPPfl PWTi W>fih llFW PflB*1 fP^TSP^B^^STN 



DECIMAL WORD 

ADDRESS BEGINNING 
EACH CARD 

.— L-,, 



14 DATA FIELDS 
I 



■ill nil ■■■■ nil nil nil nil nil nil ■»■ iiii iiii iiii iiii 

liillBBBBBBBOBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBOBBDBBBBBBBBBBBBBBBBBBBBBBBBBBBBll 

Miiiiiiiiiiinnliiniiiliiiiiiiiillllllinntinnininiii'iiiiMiMiiiliiMi 
itttlllillllliltllllllllllllllllllltllttlllllllllllllilllllllllllllllllllllllll 

331333)33333333]]]l]]J]33133l33333331333331333333333333t3]l]lll31l3111l>ni]ll3 
BBB4444444BBBBBBBBBBtBB4B44iiiii4444444444444444444444Bt44BBBBBBB444444BBBBB4B4 
SSEiSESISISIIIISSSS!SilliSiiiiiliiSG!ESiEEISISSSilSiSSS3SlllliSllSlliSiSllSiSIS 
EBBBEEBBBBBBBBBGEBBBBGGBBBBttEBEBBBEEEEEEEEEEBEBEGEEBEBBtBESftlBGBBBBBBBBBBBBEB 

7nnii;lr:i>iiillllniiliiiiiniMiiiini>lniinnlililiinliiinillilnln;: 

BBBBBBBBBBBBBBBBBIIIBBBBBBBBBBBBIBIBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBIBBBBBB 

lli))9B)llllllllll)llll)IIUItllllllll)IBII]ll9))!IISI99SI)l!t9llll!t)ll))ltlll 

1 1 4 1 1 1 1 1 ■•ni4nHii»i4i4iiaiiUiita»MBMS«iiitaadit»aM«a««<iu««i4vuu],»K»viMi«ttiMikiitfaBi>nnnMniilUiw 



Figure 31. 4-Bit Data Card Format. 



Column 


Data 


1-5 


Punch the 5 digit decimal equivalent of the 
binary cOBjed location which begins each 
card. The address is right justified, I.e., 
00000, 0001 4, 00028, etc. 


6 


Blank 


7-10 


Data Field 


11 


Blank 


12-15 


Data Field 


16 


Blank 


17-20 


Data Field 


21 


Blank .1 


22-25 


Data Field 


26 


Blank 


27-30 


Data Field 


31 


Blank 


32-35 


Data Field , , ^ , . , 


36 


Blank 


37-40 


Data Field 


41 


Blank 


42-4S 


Data FMd 


46 


Blank 


47-50 


Data FMd 


51 


Blank 


52-55 


Data Field 


56 


Blank 


57-60 


Data Field 


61 


Blank 


62-65 


Data FlaM 


66 


Blank 


67-70 


Data Field 


71 


Blank 


72-75 


Data Field 


76-78 


Blank 


79-80 


Punch same 2 digit declBnal nuBnbar as In 
ttttecard. 
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For a N words X 8-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 8-bit output of 8 words. 
LSB 



MSB ■ 

DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 



r" 



8 DATA FIELDS 



DECIMAL NUMBER 
INDICATING THE 
TRLTTH TABLE NUMBER 
ir^ 



1 FTif-1«.it1t(|l PFf'f^(WlP F-f'r<MlH|.lf-f' Pf-FllMFPIl f+'Hhhf-fF' hfittrtUF'ff' MMFf-MMnf' Ftltit+'Hhf" 



imtOOSBOBBBBBBHIBOliSinaBillltSBIigiltlllllMMIMHIIIIIIlH 

I >TiVt r •<i(<ii;i»H>twH><aicntii[HBaii«aiii»»n«M»«N«i><i<iHn«ira«uxuuU)(>vHtiHt'>:ii 
1 1 1 1 1 1 It 1 1 1 1 1 1 1 1 1 Ht 1 1 1 1 M 1 1 tl tn 1 1 1 I It 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n 11 1 I I I 



iiiiHii iiiuiii iiiiini iniiiii iitiiiH itiiiiii iiiiitii iiiiiiii 

DOOOOOOOODOOll 

1 1 1 1 n 1 1 n 1 M 1 

J j ] ] ] i ; i ; i ■ ; . : ; ■ n ^ i j ; ^ ■ j j j . ) ■ n ]i J 3 3 3 33 ] ! ! 3 j i ! i i n 3 3 3 3 3 3 3 )]i3]ii nniiiJiiinj J 
V&JUSSI&llll|SIHS|||iSiUm.>>vSal|Si|ISS|ll)jiSlllll>SSSHiSNIIISll5&IISJSS 

iiM&t(iit(U(UfMtsi{tttti«itiMti&(Eiiiii(ttt;iicisittnE(USH(ttsttiScit((E 
Hiri)li|f;r!!iin|in|i|li)rrll/lllnllnlliijllli/nf;lllrnllMr|ili(llnlirr 
BttifBitiiEtiiiiiitiiiiititiiBBiiiBiiiiiiiif iiiiiiiniiiinnitiinitiemttifii 



Coiuinii 




1-S 




Punch the 5 digit decimal equivalent of the 




binary coded location which begins each 




card. The address Is right justified, i.e.. 




00000, 00008, 000 1 6. etc. 


6 


Blank 


7-14 


Data Field 


16 


Blank 


16-23 


Data Field 


24 


Blank 


25-32 


Data Field 


33 


Blank 


34-41 


Data Field 


42 


Blanic 


43-50 


Data Field 


51 


Blank 


52-59 


Data Field 


60 


Blank 


61^ 


Data Field 


69 


Blank 


70-77 


Data Field 


78 


Blank 


79-80 


Punch same 2 digit decimal number as in 




title card. 



Figure 32. 8-Bit Data Carii Forinat. 



PAPER TAPE FORMAT (Figure 33) 

1. 1 inch-wide paper tape using 7- or 8-bit ASCII 
code, such as a model 33 ASR Teletype produces 
or 

2. 1 1/16-inch-wide paper tape using a 5-bit Baudot 
code, such as a Telex produces. 

The format requirements are as follows: 

1 . All word fields are to be punched in consecutive 
order, starting with word field (all addresses 
low). There must be exactly N word fields for 
the N X 8 or N X 4 ROM organization. 

2. Each word fleld must begin with the start char- 
acter B and end with the stop character F. There 
must be exactly 8 or 4 data characters between 
the B and F for the N X 8 or N X 4 organization, 

respectively. 

No other characters, such as rubouts, are allowed 
anywhere in a word field. If in preparing the 
tape an error is made, the entire word field, 
including the B and F must be rubbed out. 
Within the word field, a P results in a high level 
output, and an N results in a low level output. 



3. Preceding the first word field and following the 
last word field, there must be a leader/trailer 

length of at least 25 characters. This should con- 
sist of rubout punches (letter key for Telex 
tapes). 

4. Between wosd fields, comments not tontaining 
B's or F's may be' inserted. Carriage return and 
line feed characters should be inserted (as a 
"comment") just before each word field (or at 
least between every four word fields). When 
these carriage returns, etc., are inserted, the tape 
may be easily listed on the Teletype for purposes 
of error checking. The customer may also find it 
helpful to insert the word number (as a com- 
ment) at least every four word fields. 

5. Included in the tape before the leader should be 
the customer's complete Telex or TWX number, 
and, if more than one pattern is being trans- 
mitted, the ROM pattern number. 

6. MSB and LSB are the most and least significant 
bits of the device outputs. Refer to the data 
sheet for the pin numbers. 
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Example of 256 X 8 fonnat (N <=2S6): 

Start Charactsr— I Stop Character—, D»ta Field MSB LSB 

™y BPPPNNNNNF B^N N N N N N P P^F ...sipNPPPNiilF I"™ ""h?!?" 

for TWX and Letter | ' j | j | j for TVvX and Letter 

Key for Telex (at least p [ | Key for Telex (at least 

25 frames) Word Field Word Field 1 Word Field 255 25 frames) 



Example of 512 X 4 format (N = 2048): 



Start Character 



Leader: Rubout Key 
for TWX and Letter 
Key for Telex [at lent 
25 frames) 



— [ Stop Character 

T ^ 

B P N P N F 



Data Field 

B N N N N F. 

Jl . I 



Word Field 



Comment 
bee text) 



Word Field 1 



MSB LSB 

. BPPPPF 

' ^ ' 

Word Field 511 



Trailer: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames) 



Figura33. Pliper Tape ForiMt- 



SYSTEM APPLICATIONS 
System Organization 

Most PROM/ROM devices contain IK, 2K, or 4K 
bits and are organized as 256 or 512 locations with 
4 or 8 bits per word, as shown in Figure 34. The 
implementation of most PROM/ROM systems re- 
quires that one or more of these devices be inter- 
connected to provide the required number of loca- 
tions and the nuoib^ of bits p&t location. 



NUMBER OF 


BITS PER LOCATION 


LOCATIONS 


4 


8 


256 , ; 


3301 


1302 




3601/21 


1602A 






1702A 


512 


3302/22 


3304A/24 




3602/22 


3604/24 



Figure 34. PROM/ROM Device Organizations. 



WORD EXPANSION 

The simplest type of expansion involves the paral- 
leling of devices to increase the number of bits per 
word, otherwise known as word expansion. 

This type of expansion is illustrated in Figure 35, 



where two 3601*8 are paralleled to produce a 256 X 
8-bit memory. The number of parallel devices can 
^^y be calculafed from the foUowiiig formida: 



No. of Devices 



No. of Bits per Word 
of the System 

No. of Bits per Word 
of the Device 



1 



CS2- 



C5, CSj 

1 



Figure 35. Word Expansion. 



Therefore, a system employing a 32-bit word 
would require the paralleling of eight 3601's or 
3602's, or four 3604's. 

Word expansion requires nothing more than the 
parallel connection (i.e., tying together) of each 
individual address and chip select input; outputs 
remain separate. 
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ADDRESS EXPANSION 

Just as inputs are OR-tied to ot>tain more bits per 
word, outputs can be OR-tied to o6taio more 
words of memory (see Figure 36). When OR-tying 

outputs, it is necessary to select only one chip at a 
time to insure that the correct data is accessed. 
This requires the addition of logic to decode ad- 
dresses and to activate the chip select for a single 
m^^^ address. 



ARRAY CONFIGURATIONS 

Word expansion and address expansion can obvi- 
ously be combined to produce a memory array of 
any size^ pronded the array size is an integral 
multiple of the device size. 

Figure 37 shows a memory array configured by 
OR-tying inputs to obtain word expansion and OR- 
tying outputs to expand the number of words. 




Figure 36. Address Expansion. 



The number of devices required to ^tain a given 
number of words of memory can'lfe calculated 
from the following formula: 

No. of Words Required 
in the System 

No. of Words in the 
Device 



No. of Devices = 



i! 



A 









CS 






A 









CS 






A 









CS 





A system requiring 1024 words would require four 
3601's, or two 3602's or 3604's. 



Figure 37. Combined Word and Address Expansion. 



System Performance 

The paralleling of inputs and outputs in memory 
array configurations affects capacitive loading and, 
therefore, system performance. Analysis of these 
loading effects requires consideration of buffers 
for driving the PROM/ROM inputs, as well as the 
output drive characteristics of the memory ^spSe^ 
themselves. t 

BUFFERS " 

Buffers for driving address and chip select !tifHits 
are generally TTL devices. The effect of capacitive 
loading on standard, liigh speed, and Schottky TTL 
devices is #tfWB in Figure 38. 

The degradation in buffer propagation delay is 
directly due to increased transition time under 
increased eaipaei&we loads. Figure 39 i^i^Sts of 
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capuiTMice (pFi 



Mgure 38. Capacitance vs. Propagation Time (tp). 



ADDRESS 
DRIVER 
INPUT 




f20nS/DIV 
7400 DEVICE 2V/DIV 



ADDRESS 
DRIVER 
INPUT 



16 INPUTS^Sl ^_ 
^ INPUTS -J^p^l 

nri 



DEVICE 
ADDRESS 
INPUT 




multiple exposed photographs showing the effects 
of increased capacitive loads on different families 
of TTL gates. Figure 40 shows the same results for 
an increased number of chip select loads. 




Figure 40. Input and Output of 7400 Driving 4 and 
8 3601 CS Inputs. 

OUTPUT LOADING 

Address expansion by PROM/ROM output OR- 
tying increases the capacitive load on each PROM/ 
ROM output, and results in some reduction in 
device access time. Figure 41 shows that going 
from two outputs to four outputs OR-tied in- 
creases access typically by 4 nS. The access times 
of the Intel bipolar PROM/ROMs are specified 
with a capacitive load of 30 pF, which is equivalent 
to the typical capacitive of output OR-tying four 
devices. The OR-connection of any fewer devices 
can reduce access time. 



t-20nS/DIV 

74S00 DEVICE 2V/DIV 



ADDRESS 
DRIVER 
INPUT 

• INPUTS- 

16 INPUTS.. 

32 INPUTS. 

DEVICE 
ADDRESS 
ll!iPUT 





■■■H 


■■■■ 




■■■H 


■■■■ 


s 




■IliH 




SSSIS 


mmm 





















3601 CS 
DRIVER 
INPUT 

OV- 
2 OUTPUTS — 
4 OUTPUTS Jl 
3601 
OUTPUT 
OV — 



■■■■■mna 



V t-20nS/DIV 
74H00 DEVICE 2V/0IV 




Figure 39. Various Standard TTL Devices Driving 
8. 16 and 32 3601 Address Inputs. 



Figure 41. 2and 4 3601 Outputs OR-Tied. 
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Another consideration when OR-tying outputs of 
PRdS^ and ROMs is the case wliisie n-channei an^ 
p-channel devices must be tl^d'topther. Consider 
the microprocessor system ishowh in Figure ^5. If 

the ROM were a p-channel 1 702A and the RAM an 
Intel n-channel 2102A, a problem could occur. 
The 1702A has negative supply of -9V, and if its 
output pulls the 2102A output below Vss-p.8V, 
the output circuit of the llOlA cam be desfMyed 
becatise of forWiurd biasing the drain— siibstrate 
junctfon. A nifefliod of providing {tfotebtion is to 
use an exclusive OR gate as shown in Figure 42. In 
this case, the value of Ri, the current limiting re- 
sistor, is determined by the maximum sink current 
drawn by the ROM and the maximum acceptable 
(most positive) low level required for the input of 
the exclusive OR gate. 




MEMORY DATA BUS 



Figure^^ OR-6eim«cting P-Channel and N-Channel 
Dmion. 



Referring to the product selection guide, the re- 
quired speed of 100 nS dictates the use of a bipolar 

device, eliminating the MOS devices. The 3601, 
3602/3622, and 3604/3624 are all possible candi- 
dates for use in this system implementation. The 
system design resulting from the use of these three 
product types will be compared. 

The system must be implemented using combina- 
tions of word expansion and address expansion as 
shown in Figure 37. Array layouts for these three 
parts are compared in Figures 43, 44, and 45. Each 
layout 3^as dipioe using the same rules: 0.200-inch 
adjacent spacing and 0.300-inch end-to-end spacing. 



Illlllll 
Illlllll 

Illlllll 



32 DEVICE ARflAY - 3.7 X 3.8 
OR 2276 BITS/SQUARE INCH 



14.06 SQUARE INCHES 



Figure 43. IK x 3Z-Bit System with 1 K PROM 
(16^n Package). 



Case Study 



The selection of a memory device for a system im- 
plementation can be illustrated by the considera- 
tion of a hypothetical 1 K X 32 PROM system, such 
as would be used for a computer microprogram 
control memory. Access time requirements for this 
system are assumed to be less than 100 nS. 

The number of words required is specified as IK, 
which allows the use of any device that is organized 
such that its number of words in the device divided 
into the required number of words for the system 
is an integer. Fortius application, 2S6,.or S 12 word 
oigjaiiii^tion woulrf he possible devices. In a amilar 
manner, a 4-bit or 8-bit device will allow an integral 
number of devices to be used to form the required 
32-bit word. 



Illlllll 
Illlllll 

16 DEVICE ARRAY 1.7 X 3.8 6.46 SQUARE INCHES 
OR 4853 BITS/SQUARE INCH 



Figure 44. 1 K x 32-Bit System with 2K PROM 
(l&PinPadcage). 
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8 DEVICE ARRAY ' 5.9 X 1.4 - 8.26 SQUARE INCHES 
OR 3874 BITS/SQUARE INCH 



Figun 45. IK x ^-BK Syttem with 4K PROM 
(22^111 nickage). 



Performance comparisons require tile investigiition 
of capacitive loading effects and device access 
times. Table XVII compares the number of address 

lines tied together, the resulting capacitance, and 
the resulting TTL delays for the three devices under 
consideration. Table XIX makes the same compar- 
ison for the chip select inputs, and Table XIX 
compares output loading effects. Total array power 
dissipation is summarized in Table XX and the 
complete results of the three different designs are 
summarized in Table XXI. 

As can be seen in Table XXI, fastest system access 
time is achieved with the 3601, smallest printed 
circuit board layout area is realized with the 3602/ 
3622, and the 3604 provides lowest system power 
dissipation. Selection of the optimum device is 
therefore left to other system development or cost 
considerations since all three parts are more than 
adequate for the stated system requirements. 



TaMeXVII. Address Input Loading. 



DEVICE 
SIZE 


NO. OF 
DEVICES 
REQUIRED 


NO. OF 
ADDRESS 
INPUTS DRIVEN 


TYPICAL INPUT 
CAPACITANCE/ 
DEVICE 


TOTAL 
CAPAaTANCE 


MEASURED 
ADDRESS 
DRIVER DELAY 


IK 


32 


32 


4pF 


128 pF 


22 nS 


2K 


16 


16 


4 pF 


64 pF 


16 nS 


4K 


8 


8 


4 pF 


32 pF 


12 nS 



TaUe XVIII. Chip Select Input Loading. 



DEVICE 
SIZE 


NO. OF 
DEVICES 

REQUIRED 


NO. OF CHIP 
SELECT LINES 

OR-TIED 


TYPICAL INPUT 
CAPACITANCE/ 
DEVICE 


TOTAL 
CAPACITANCE 


MEASURED 
CHIP SELECT 
DRIVER DELAY 


IK 


32 


8 


6pF 


, , 48 pF 


16 nS 


2K 


16 


8 


6pF 


48 pF 


16 nS 


4K 


8 


4 


6pF 


24 pF 


12 nS 



Table XIX. Output Loading. 



DEVICE 
SIZE 


NO. OF 
DEVICES 
REQUIRED 


NO. OF 
OUTPUTS 
OR-TIED 


TYPICAL OUTPUT 
CAPACITANCE/ 
DEVICE 


TOTAL 
CAPACITANCE 


MEASURED 
OUTPUT 
DELAY 


OUTPUT 
OR-ING 
DELAY 


IK 


32 


4 


7pF 


28 pF 
V- 


32 nS 


4 nS 


2K 


16 


,.2 . 


7pF 


14 pF 


28 nS 


OjElS 


4K 


8 


2 


7pF 


14 pF 


28 nS 


OnS 
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Table XX. Power Ditsipation. 



DEVICE 
SIZE 


NO. OF 
DEVICES 
REQUIRED 


POWER DISSIPATION 
(TYPICAL) 


REDUCED POWER MODE 
MlpMUM) 


mW 
PER DEVICE 


mW 
PER BIT 

(SYSTEM) 


mW 

ACTIVE/STANDBY 
PER DEVICE 


mW ' 
PER BIT 
(SYSTEM) 


IK 


32 


450 


0.45 


[1] 


[11 


2K 


16 


700 


0.35 


550/225 


0.19 


4k' 


8 


950 


0.24 


700/225 


0.11 



NOTE: 1. Power reduction not offered. 



Table XXI. Device Comparison for 1 K x 32 Memory System. 



DEVICE 
SIZE 


NO. OF 
DEVICES 


ARRAY SIZE 


MEASURED 
ADDRESS 
DRIVER TIMe'^' 


OUTPUT 
OR-ING 
DELAYlH 


MAXIMUM 

device access 
time''' 


system access 
time"-*' 


IK 


32 


14.06 sq in. 


22 nS 


OnS 


50 nS 


72 nS 


2K 


16 


6.46 sq in. 


16 nS 


-4 nS 


70 nS 


82 nS 


4K 


8 


8.26 sq in. 


12 nS 


-4 nS 


70 nS 





NOTES: 1. AM times taken at 1.5V points. 

2. This time is the sum of device maximum and measured buffer delays. 



Printed Ciicuit Layont Considerations 



PROMs and ROMs can easily be used in much the 
same manner as other types of TTL design ele- 
ments. The usual attention should .be paid to 
ground distribution and decoupling. 

Ideally, the circuit board ground system should 
consist of a ground plane on one side of the board 
and all signal and power distribution on the other. 
InL.|^^^, ^lis is very difficul| sc|iteve because 
of (ioiiipimiBiit densities, but cdficibpt should be 
carried out as far as possible. The ground distribu- 
tion should be as wide as possible everywhere, even 
if it means large i^^tions in fte -0 the 

conductor. , ' 

To further approach a ground plane or mesh, 
horizontal md vertic^ power and ground traces on 
opposite sides of the board should be tied together 

at each DIP site, or as often as possible. The tying 
of the horizontal and vertical traces is important 
because long "floating" distribution lines can easily 
act as an antenna or a noise distribution system, 
allowing noise to propagate and exceed device 
thresholds. 

In addition to reducing ground noise, an effective 



ground grid can serve to reduce cross-talk between 
address and data Unes. 

As can be seen in Figure 41 (previous section) the 
high to low transition can be very rapid, and if 
proper attention is not paid to the ground and 
power distribution, the noise resulting from these 
transitions can couple throughout the board and 
into the system. The memory devices should be de- 
coupled at approximately every other DIP site with 
high frequency disc ceramic capacitors. There also 
should be bulk decoupling at the point where the 
Vcc line enters the board, usually one or more 
tantalum capacitors in the 10—50 range. 

The layouts shown in Figure 46 and 47 are a good 
example of proper ground distribution. Notice that 
;: 'th« groi^i^plane forms a compleite loop axotuid the 
amy (board) on both sides and that the two sides 
are connected periodically by horizontal and verti- 
cal traces. 

The decoupling for the 1K/2K array consists of 
ei^t' 0.1' 7iF .Ugh frequency c^padtois, or one 
capadtor for each four devices, distributed thiou^ 

the array. This decoupling is adequate, but a better 
arrangement would be 0.1 pF located at every 
other device site, similar to the scheme used on the 
4K layout. 
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1 C&7»r£R>4CS2 LOWER CANS£€l)*im^'(|l^ TOGETHER M«Cl:^DW 
33 X IK OR 37K • BK. OEPENDmC ON THE D£VICE U»EP 13601 OR 36021. 



This array illustrates the layout for a IK X 32-bit PROM 
memory. Power has been distributed with a grid system, 
and decoupUng_is located in the center of the array. By 
routing all the CS2 lines to a common point, the memory 
can be expanded to use 2K parts simply by supplying an 
additional address, Ag, and connecting it to all the fonn^r 
CS2 inputs. 



Array layout courtesy of 
MICRODATA INC., 
Irvine, California 



Figure 46. 1 K/2K PROM Array. 



IP] ll^iiilH! 



o 0004! 



9 o ° o t 




This array illustrates the Ose of a 24-pin 4K PROM to imple- Array layout courtesy of 

ment a IK X 32-bit control store memory. As with the , MICRODATA INC.. 

1K/2K array, gridded power distribution has been used, . ' lnilne,.Crtifornia 

with decoupling capacitors located in the center of the ■ ' 
array. 



Figure 47. 4K PROM Array. 
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Uses of prom/ROMs 

CODE CONVERSION 

Read only memories lend themselves readily to converting 
from one binary code to another (such as from binary to 
Gray). This conversion is particularly useful in electro* 
mechanical systems controlled by a computer. 

For example, consider a computer-controlled electrome- 
chanical encoder system. The computer performs data 
operation in binary form and outputs the x-y coordinates 
in ^ suae Itiin^ If ttas sts^fprne motor bas a binaiy date 
input;' «xr»titf movement of tbe motor will be observed as 
the mot^E^ Moves sequenfiaUy from one set df coordfiiates 
to anotfiel', because, as miMiy data bits change and their 
exact switching relationship is. not fixed, the motor will 
receive multiple codes untii the data stabilizes. Consider 
earn- <tf ^an^g tmrn ^eeimal 7 to deCiKial 8 as ^own 
in the truth table (Figure 48a), where 4 binary bits iwill 
change state. TMs trarisition will generate several random 
binaty «e>des (up to S}' Until the data stabilizes causing the 
steppi^ motor eonrove bnatically. 

It would be Mgjily desirable to have a code where sequen- 
tial mefttir stepptkg eoald be accomplished by ctum^ng 
only em 'bit per wwd between adjacent steps. The Gray 
code is such a code. By ttring the Gray code for the above 
example in moving from decimal 7 to 8 requires the change 
of only one bit (0100 to 1100). The stepping ntotor now 
moves smoothly without jitter or ambiguity as one Gray 
code bit changes after another. (Note that since the bit 
positions are not numerically weighted in Gray code, it is 
not possible to perform conventional binary arithmetic on 
the word. Therefore, the computer does not operate with 
suiii a,«ede iltt^aany). 

The code conversion from binary to Gray code for com- 
munication betveen the computer and the system motor 
becomes a simple matter if a read only memory is used. 
To use the truth table to convert from binary to Gray code 
it is merely necessary to use the binary data as the address 
to a ROM and read the corresponding Gray code at the out- 
put of the ROM. The example presented here is a 4-bit code 
but can be expanded to provide the desired resolution. 

The conversion from binary to Gray code is only one of 
many code conversions possible. PROM/KOHs can be used 
to encode data fcH:; secu»d-dal^ transmission Systems. These 
typ^ of eodei eatc be sas simple or as complex as desired. A 
teiramal atta^ed to a central computer can "talk" to the 
computer over a secured line if both the terminal and com- 
puter have the proper «neodii^decoding PROM/ROMs. 
Multiple tnmina^ radc with its separate code, can likewise 
be cpimected to the computer. Of cour^ for multiple 
terminals the computer must have the proper encoding/ 
decoding PROM/ROM circuitry. 



An example of such an encoding/decoding scheme is shown 
in the truth table (Figure 48b). To encode for data trans- 
mission, a standard binary code is presented to the address 
inputs of a ROM. The output of the ROM contains the code 
for the particular character to be sent. At the receiving end 
the order is reversed with the encoded data presented to an- 
otiier ROM address input whose output corresponds to the 
original character or data sent by the terminal. Data trans- 
mt^iui in the reverse direction is handled in an jdeiatibd 
n;aniiir. 



DECIMAL 


BINARY 


GRAY 























1 











1 





1 


2 








1 


.0 





1 1 


3 
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1 





1 


4 





1 











1 1 


5 





1 





1 





1 1 1 


6 





T 


1 








1 1 


7 


p 


1 


1 


1 





10 


- 8 


1 











1 


1 


9 


1 








1 


1 


1 1 


10 


1 





1 





1 


1 T 1 


11 


1 





1 


1 


1 


1 1 


12 


1 


1 








1 


1 


13 


1 


1 





1 


1 


oil 


14 


1 


1 


1 





1 


1 


15 


1 


1 


1 


1 


1 


0''0 0' 



(a) 
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BINARY 
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CODE 
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RECEIVING SCRAMBLER 


ADDRESS 


DATA 


SCRAMBLER 


BINARY 


CODE 






CODE 
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1 1 
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1 1 1 
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1 1 











1 1 


1 1 
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1 1 


1 





1 








1 1 
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1 
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1 1 1 
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1 





1 1 


1 1 
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1 





1 1 


1 


1 


1 


1 


1 1 





1 


1 


1 


1 





1 


1 


1 1 



(b) 



Figure 48. Code Conversion Truth Tables. 



7-29 



PROMS and BOMS 



COMBINATORIAL CIRCUITS 

Digital dicuits are often divided into two categories: 
combinatorial and sequential. Combinatorial circuits bave 
no internal storage elements. As a result, the output signals 
are functions only of the inputs suppUed at the time the 
output is measured (neglecting propagation delays). A ROM 
may be used to generate combinatorial functions when the 
number of input signals is not excessive. For example, a 
256 word by 4 bit ROM has 8 input leads (addresses) and 4 
output leads and so can be used to generate any 4 
combinatorial functions of 8 variables. Additional functions 
may be generated by adding more ROMs — doubling the 
number of ROMs doubles the number of functions which 
can be generated. 

Expanding the number of input variables is much more 
costly, however. Additional input iarbble may be decoded 
to operate cli^ felects just as additional addresses inputs 
are decoded in a memory array. However, each additional 

input variable doubles the amount of ROM required. 

Various authors have expressed the option that 8 to 16 bits 
of ROM are equivalent to one logic gate. However, this 
ratio does not apply to all designs. For example, to make a 
quad full adder (5 outputs, 9 inputs) would require 5 x 2^ 
or 2560 bits of ROM, but can be realized with less than 40 
gates — for ratio greater than 64 bits/gate. 

When using ROM to replace wired logic gates, the designer 
should rememba that the ROM is not guaranteed to give a 
single output traa^tion for a sii^e. input transition. Figure 
49 illustrates the w!^ the deugner diould view the ROMs 
behavior. In Figure 49, after a short hold time, the outputs 
are undrfined until a pmod equal to the ROMs access time 
has elapsed. During this undefined interval, the ROM out- 
puts may show noise or extra transitions. Not all ROMs 
specify a hold time. Even when a hold time is specified, it 
is valid only when access to a location has been made, and 
is measured from the first address transition. 



LAST INPUT CHANGE - 



X 



INPUTS STABLE 

— ROM ACCESS TIME- 
I* HOLD TIME 



,.0UTPUTS__ 
STABLE 



Figure 49. ROM Behavior for Combinatorial Logic. 



SEQUENTIAL CIRCUITS 

Sequential drcuits are logic droits with internal storage. 
As a result, outputs are a function of past as well as present 
inputs. Seqeuntial circuits are often realized by a collection 
of storage elements (flip-flops) together with combinatorial 
logic. Outputs of the sequential network are combinatorial 
functions of the inputs to the network and the fUp-flop 
outputs. The inputs to the flip-flops are combinatorial 
functions of network inputs and flip-flop outputs. 

When a sequential digital system is desaibed in the above 
mannja, the state of the drcuit is determined by the con- 
tents of the fUp^ps. Thnrefbre, a madiine with n flip- 
flops can have at most 2>i internal states. To deaoribe the 
circuit behanor, two sets of information must be known: 

1 . The outputs as function of inputs and internal states; and 

2. The next states as fimctions of inputs and internal states. 

niis infomuMm may be presented via tables or graplucaliy 
in the form of a state sequence diagram, such as that shown 
in Figure SOa. The state sequence diagram is usually dxawn 
as a poUectiaa of lardes, each labelled to correspond to one 
state of the machine. The circles (states) are connected by 
directed lines (arrows) indicating which state transitions may 
take place. Each such transition line is labelled with the 
values of the input variables for which the transition takes 
place, unless the input variables have no effect. In that case, 
the state transition always takes pbce and the arrow is 
unlabelled. 

Some digital circuits are clocked, i.e., state transitions take 
place only upon occurrence of a clodc pulse. If for some 
input conditions no state transition takes place at a clock 
time, it is indicated on the diagram as an arrow which leaves 
and re-enters the same circle. This arrow is labelled, like any 
other, with the corresponding input conditions. Clocked 
sequential drcuits are readily designed unng clocked flip- 
flops of the JK or D variety such as those shown in Figures 
50b and SOc. 

State Asdgmnent 

The stxte^sequeaee diagram describes the d%ital circuit be- 
havior independent <rf the asa^ment of states to the circles 
of the: dia^am. ^ch drcte in the diagram must be assigned 
a unique a^ of vahies for the ^te variables. Each state 
variable can take on the value of 1 or 0, so that n state 
variables can provide values for up to 2H chdes in the dia- 
gram. Howevrarthe way the vahies are ass%ned to the circles 
can make a dgnfficuit deference in the ease of realization 
when JK or D flip-flops are used. At present, no known 
tedmique, other than repeated trails, exists for determining 
the minimum leost state assignment. The designer's insight 
and experience contribute significantly to the design effid- 
ency. However, when ROMs are used, state assignments are 
less critical than for reahzation with wired logic gates. 
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a. State Diagram 



.5 



ciioex 

MILKS 



b. Corresponding Sequential 
Circuit — JK Realization 



c. Corresponding Sequential Circuit — 
D Realization 



Figure 50. Sequential Circuit State Diagram 
Realizations. 



Asynchronous Input to Qocked System 

When a docked system has asynchronous mpnt variables, 
i.e., variables which can change at othn^han dodc times, 
props behavim: may depend upon the state assignment 
used. For example, if the values of a given asyndironous 
input variable can affect the values of two state variables in 
a given state transition, diflerential delays in the logic may 
allow 4 rather than 2 poa^le state dianges to take place: 
neither, either, or both of the variables may change. To 



avoid this situation, state assignments should be such that 
only one state variable is a function of each asynchronous 
input variable or the asynchronous input variable should be 
made synchronous by clocking it into a flip-flop. Of course, 
the latter procedure Increases the response time of the sys- 
tem to the input signal. 

niase eemiAaatiam dso at^ly to the aqnidiR»Sns>f]ip- 
flop tatdag inputs. In goiecal, these inputs >can force- tte 
net#<»lc into one m moie of a subset of the statra where it 
will remain imtil the forcing inpitf is removed. 'If the net- 
work clocked transitions attempt to change, more than one 
forced state variable, asyndnoiKlils removal of the forcing 
signal may result in any of sev<9:al state transitions: any or 
all of the varia^jli^ Attempting to change may do so, depend- 
ing upon differential delays in flip-flop responses, clock 
distribution, and distribution of the forcing signal. 

Realizations with D Flip-Flops 

Having assigned state variable values for each state, reaUza- 
tion with D flip-flops is very straightforward.* First, a truth 
table or set of Karanaugh maps is prepared. The source 
variables include all state variables and all input variables. 
The functions to be generated involve all state variables 
(next state value) and all output functions. Those functions 
representing the next state values are used as the data inputs 
to the corresponding D flip-flops. 

Figure SI shows a symbolic diagram of such a network. 
The "clocked register" Is an array of n D-type fUp-fieps. 

A iteid only memory array with p ad^ess inpt^'-i^-IIMt- 
puts (2P X q bits) can genMte a totet of q oUtputfiiiii^iis 
of p inputs. Thus tot FigUte 51, if n state <variables are re- 
quired, p-n input variables may be used and q-n output 
signals may be generated. 



STATE 
VALUE 



CLOCKED REGISTER 



INPUT 
CONTROL 
VABIABLES : 



COMBINATORIAL LOGIC 



Figure SI. Realization of Digital Machine. 



*For sequential ne^orks wired with logic gatea, JK flip- 
flops may reduce the ^te count as in Figure SOb and SOc. 
However, ROM realizations are more economical when D 
flip-flops are used, because fewer functions need be gen- 
erated. 
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that of a conventional combinatorial logic network, dif- 
ferent considerations apply to ROM designs than for con- 
ventional designs. For example; 

1. State variable assignment has little or no effect on circuit 
complexity when ROM realization is used. Therefore, 
the designer may use state variables to form output fimc- 
tions directly with greater ease than for conventional de- 
signs. If, lioweT«Ci aiiditional hi&ic ckcwts are added to 

' leduce total ROM reqiuieqieiits or allaV^ asynchronous 
input vambles^see next paiapapJi}, some of this design 
freedom may be removed. 

2. All outputs of a ROM must be considered functions of 
all inputs. Therefore, asyncluonous inputs to the ROM 
should not be permitted to change within an access time 
prior to clocking the output register, or the contents of 
the output register may be completely unpredictable. 
Additional latches or separate logic between the ROM 
output and D flip-flop inputs should be used so that the 
conditions described above (under Asynchronous Inputs 
to Clocked Systems) can be met. Additional ROM out- 
puts may be used to enable or disable this logic. 

Methods of Reducing ROM Size 

If the number of input or output variables is large, a straight- 
forward reaUzation with ROM may not be practical. How- 
ever, it may be possible in certain areas to reduce the amount 
of ROMs by adding a small amount of additional logic. 
Several methods for reducing the size of a ROM needed to 
perfprm a given function are describe below. The iise of 
thes^ te<;bniq.ues. yibea apprai^iate may permit a ROM 



- ^ nuww WVJUtU UUl UlttUy 

be impractical to do so. Most of these teclmiques are 
illustrated in Figure 52. ^ 

Multiplexing Input Variable 

Instead of using all input control variables at all times, 
many digital machines have only a few states where the next 
state decision is affected by the input variables. Therefore, 
a multiplexer may be used to select the input variables 
which are active for each given state of the machine. The 
effective number of input control variables at the ROM 
may be reduced to a number equivalent to the largest 
number active at any one time. 

The control signals for the multiplexer may be generated by 
logic circuits which decode the state information or by ex- 
tra output variables from the ROM. In general, these extra 
ROM output variables are far less expensive than the extra 
ROM inputs that would otherwise be necessary. 

Bypassing the ROM for Input Control Variables 

If the state assignments are made so that the next state is a 
simple function of the input variables, a small amount of 
logic may be placed between the ROM output and tiie 
clocked register. Some of the input control variables are 
then brought into the system via this logic rather than 
through the ROM. As in the case with input multiplexing, 
additional output signals may be used to enable this logic. 

One simple form of this method uses a multiplexer between 
the ROM output and the docked register. Certain of the 



INPUT 

CONTROLS 



MULTrPLEXER 



ADDRESS FUNCTION 
INPUTS OUTPUTS 



ROM 



DAfA 

ptsrniBUTOR 



MULTIPLEXER 



L 



OUTPUT 
FUNCTIONS 



Figure 52. ROM Realization of Sequential Machine. 
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state variables take on the values of the input variables 
whenever the multiplexer is set to accept these inputs. This 
method places restrictions on state assignment. 

A similar tedinique is usually necessary for use with in^ut 
control variables «4iich are aqrndnonous. 

Output Function Distribution 

When a large number of control functions must be generated, 
but only one or two are active at one time, data distributors 
may be used to generate a large number of control func- 
tions from a few ROM outputs. As an example of the type 
of coding which might be used, 8 non-simultaneous control 
functions might be generated using one data bit and 3 selec- 
tion bits. The Intel® 3205 decoder may also find use in 
ROM output expansion. Eight selection signals can be gen- 
erated from three ROM function outputs. 

External State Otomtois/Paititioning/Factoring 

When a large number of states of a state diagram fall in an 
easy to generate sequence, the number of state variables 
generated by the ROM may in some cases be reduced by 
generating the additional states with external circuits such 
as counters or shift registers. Functions of these separately 
realized state variables may be used as equivalent state 
variable inputs to the ROM. 

A* an example of this technique, consider a binary counter 
connected to a ROM such that the ROM can generate a 
preset ot ootmt enable variable and accept a cany output as 
equh^^rtoT ibte input variable. The ROM may be pro- 
grammed so that for some states of the conventional state 
variabiles, the coMter ooimts from its preset latues until it 
ovo^ws wilk-tlie ^M ^yiag the same state throughout 
tfas ffiinnt jn g JW ^WBwe. & tUs example, one input (equiva- 
im '^iluyfuUSIe'^bLees all of the state variables m the 
ootint^. 

The example above is a special case of a more general tech- 
nique which may be called partitioning. Instead of using an 
external counter with the ROM system, another ROM/ 
register sequential machine might have been connected. The 
net result isa ROM/register realization of a sequential digital 
machine in which not all state variables are used as inputs 
to all of the ROM. In effect, the machine is partitioned into 
a number of smaller, but interactive, machines. 

To partition a circuit, the state variables must be isolated 
into two or more groups. A new state diagram can be gen- 
erated for each group. In these partitioned state diagrams, 
the state variables for one state diagram are treated as if 
they w«ce«PKt «»^lM9iW^ in the other. Ja general, for 
paKtitaoaiiig to l»^feiMe« tji«>it»te variablea miMt bf 
that they can be divided into relatively independent groups. 

These examples are but a few of those available to the de- 
signer wishing to take advantage of ROM. As the design 
complexity progresses, the structure approaches the com- 
plexity of a microprogrammed processor — one application 
where ROM is extensively applied. 



ROM, even in complicated networks 1^$ tlu^ of Figure 52 
or a microprogrammed processor, offns much easier modi- 
fication of machine structure than'wired logic. With the 
availability of programmable KbMs, ROM approaches to 

sequential circuit design merit serious consideration. 

Even when a prototype system has been developed using 
the 3601 or 1 702A,once ROM patterns have been fixed, the 
prototypes can be easily converted to use the 3301 A or 
1302 for production for these mask programmed devices 
are pin and signal compatible with their field programmable 

WAVEFORM GENERATOR 

To show one simple application JIOM, coAaids. the sig- 
nal genecatOT diown ia Bgure- SSi Aa 84itt counter driven 
by an oscillator drives a 2048-bit KOM (256 words of 8 
bits). The ROM outputs are converted to an analog voltage 
by a digital to analog converter (DAC). By properly coding 
the ROM^ a wide variety of waveforms may be generated. 

Por the system shown m Figure S3, each step of the 8-bit 

counter rg^esents degrees of phase angle. Tie value at 
256 

each address ia ROM is the digital oum^r i^esntiiig the 
signal output for that phase angle^ Hi^ifie ROM/DAC 
combinations m%ht be used to generate Kv^al ^ul- 
taneous waveforms, or multiple phaSe« of a isikttl> ex- 
ample. The output of the DA&s will diaiige in ^all discrete 
steps, each less than 1% of full scale. Where this might be a 
problem, filtoing might be used. However, imd^red har- 
monic content of the signal will be Umited to the upper 
harmonics. 




ANALOG 
OUTPUT 



CLOCK 
OSCILLATOR 



Figure S3. Digitally Controlled Waveform Generator. 
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CLOCK GENERATION 

ROMs can be used to generate clock phases for use in multi- 
clock systems (such as driving a 16K CCD, Intel's 2416). 
An example of the generation of a general clock generator 
is shown in (a). The desired timing is shown in (b). 

Basic operation is as follows: A clock input is applied to the 
input of a 7416 1 TTL counter as shown in (a). The counter 
sequentially counts six cycles of the input as shown in (b). 
The counter output is presented to the PROM as an address. 
The output of the PROM as a function of the addijess is 
shown in truth -table (c). The outputs of the PROM are 
latched in the 74174 by the input clock. This prevents un- 
wanted transients from occurring on the four-phase clock 
lines. 

MULTIPHASE CLOCK GEilEIUTCm 



Voc 




FigunS4. Ctock<3MtfMian. 
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MICROPROCESSOR SYSTEM 

Illustrated here is a typical microprocessor system, based on 
the Intel® 8080. The 2708 provides 8K (1024 X 8) of 
PROM storage, while the combination of two 8 101/5 lOl's 
provides 2K (256 X 4) of RAM storage. A 10 is used to 
select the desired type of storage access; Ajo high selects 
RAM and AiQ low selects the PROM storage. The other 
address bits, A^ 1-A15, are generated by the 8080 and can 
be used for system expansion. The ROM storage can be 
modified to use a 1702A for 2K (256 X 8) of EPROM stor- 
age, or a 2316 for 16K (2K X 8) of ROM storage. In the 
case of the 2316, 11 of the 8080 address lines would be 
used. 




Figure 55. Microprocessor System. 



4K BYTE SYSTEM 

A 32 kilo-bit PROM memory organized as 4K X 8 utilizing 
the 1702A is shown in Figures 55 and 56. Each of the 
1702A's is accessed individually by means of a 3-to-8 en- 
coder (Intel"' 3205) with decoder enables connected as 
shown. The three low-order addresses ( A0-A2) are decoded 
simultaneously by two 320S's and the proper 1702A se- 
lected by address An activating either Ha right or left 



320S. Since all unselected 1702A's have high impedance 
outputs, the selected module controls the internal data bus 
with its output gated through the three-state output buffers 
shown in the schematic. 

The 4K X 8 board shown is expandable with a given PROM 
board identified by the PROM Board Resident Select 
Switches. 
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Figure 56. 4K Byte PROM System. 
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INTRODUCTION 

The Intel® 2708 is a static 8192-bit (1024 X 8) 
Erasable Programmable Read Only Memory, or 
EPROM. The device is packaged in a standard 24-pin 
package, which has a transparent lid to allow erasure 
in a manner similar to the Iiitel® 1702A. Maximum 
access time is 450 ns. The device requires three 
power supplies, ±5V and +12V, for normal read 
cycles; while for programming a 26V pulse is re- 
quired on the Program pin. 

The address inputs and data 1/Os are TTL compa- 
tible during read and programming. The data out- 
puts are three state to facilitate memory expansion 
by OR-tyfligi Initially, and after each erasure, the 
device contains all "I's". Programming, or introduc- 
ing "O's", is accomplished by : applying TTL level 
addresses and TTL level data; a +12V Write Enable 
si^al; then sequencing through all addresses con- 
secutively a minimum of 100 times, applying a 26V 
program pulse at each address. ALL ADDRESSES 
MUST BE PROGRAMMED DURING EACH PRO- 
GRAMMING SESSION; PROGRAMMING OF SIN- 
GLE WORDS OR SMAI4. BLOCKS OF WORDS 
IS NOT ALLOWED. As discussed in detail in the 
PROGRAMING seeiiop^^ appyoxjiwlely |^ 
seconds are reqiiifed to pKigratn the eStife dewick 

DEVICE DESCRIPTION 

The device is packaged in an industry standard 
24-pin package as shown in Figure 1 . The Program 
pin (18) receives 26V pulses during progtawming; 
duiii^: read operations, it must be osttee^ted to 
Vss(GN©)©pheM;M;¥ft,. ■'■ " 

Pin 20, the CS/WE connection, serves three func- 
tions. When at ViL (OV) the device is selected for 
normal read operation; when at Vjh (3.0V min) 
the device is deselected and the outputs are placed 
in the high impedance state; and when at Vjhw 
(1 1.4V min) the device is Write Enabled and ready 
to receive program pulses. 

A block diagram of the 2708 is shown in Figure 2. 
The low order address bits (Aq— A3) perform col- 
unjji (or ^jfif^^tpj.jyjiile the high order address 



% 


— sVjTT 

24 




2 


•23 


□ *» 


3 


■■- a 


□ »9 




21 


□ VgB l-SVI 




20 




6 




□ VbD l*'2W 


7 


18 


3 PROGRAM ■ 


8 


17 


□ 0, 


9 




□ O7 


10 




□ % 


n 






12 


13 


304 





ADDR^iNnm 






CIME 





Figure 1. 2708 Pin Corifiguration 



I 1 



OUTPUT BUFFERS 



AO- 
Al- 
Al- 
A3- 



I 
1 

As- 



64 X 128 
PROM 
CELL 

ARRAY 




Figure 2, Detailed Sloc;k Diagram 



Table I. 2708 Pin Connections and Functions 



Function 


Data I/O 


Address Inputs 


Vss(GND) 


Program 


Vdd Supply 


CS/WE 


Vbb Supply 


Voc Supply 


Pin Number 


9-11, 13-17 


1-7, 23, 22 


12 


18 


19 


20 


21 


24 


Mode 


.'-i.- - ■ i -i y 
















Read 


PooT 


Aim 


GND 


GND 


+12V 


V|L 


-5V 


+5V 




High Impedance 


Don't Care 


GND 


GND 


+12V 


V|H 


-5V 


+5V 


Program 




Aim 


;' (3ND 


Pulsed 
+26V 








■ -• +5V 
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v-fc^ t\^f ^^iL\jiiii til*- iv_'v> y^i j^} i^-itv-tiuil . 

Table I assists in determining the proper voltage 
connections for the three modes of operation; 
Read, Deselect and Program. 

CeU Description 

The heart of the 2708 is the single transistor stacked 
gate cell, implemented with two layer poly silicon. 
The cell consists of a bottom floating gate and a 
top select gate, as shown in Figure 3. The top gate 
is connected to the row decoder, while the floating 
gate is used for charge storage. The cell is pro- 
grammed by . irtiection of high energy electrons 





SCHEMATIC SYMBOL 



Figures. 2708 Storage Call 



PROGRAMMED 



Vt^ (not programmed ' Vtq (PROGRAMMED) 

SENSE THRESHOLD 



VOLTAGE ON GATE OF CELL - 



Figure 4. 'Storage Ceil Thresliold Sliift 



uiiougn me oxiue ana onto the Iloatmg gate. Once 
there the charge is trapped, as thei"e are no electrical 
connections to this floating gate. The presence of 
charge on the floating gate causes a shift to the ceU 
threshold, as shown in Figure 4. In the initial state 
the cell has a very low threshold and selection of 
the cell, by way of the top select gate, will cause 
the transistor to turn on. Programming shifts the 
threshold to a higher level and selection of the cell 
will not allow it to turn on. The status of the cell is 
determined by examining its state at the sense 
threshold, also indicated in Figure 4. If a "1" is 
programmed into the cell, selection will allow a 
higher current to flow between the source and drain 
than if a "0" is programmed into the cell. 

As there are no electrical connections to the floating 
gate, erasure must be accomplished by non-electrical 
means. Illumination of the cell with ultraviolet 
light of the correct frequency (2537A) and dura- 
tion will impart sufficient photon energy to the 
trapped electrons to allow them to overcome the 
inherent energy barrier and be transported through 
the oxide to the substrate. 

Memory Array Operation 

The cells described in the previous paragraph are 
interconnected to form a 64 X 128 matrix, or 
array, as shown in Figure 5. Access to a particular 
cell is described as follows: When the Row Address 
i% stable, one row is selected, turning on the row 
Ijne to all 128 cells in the row. The Column Address 
eonnects 8 of the 1 28 column lines to their respec- 
tive sense amplifiers. The row line provides bias to 
all the top gates in a particular selected row, and, 
depending on the state of the cells, the column lines 
will be left at the precharged level (for a programmed 
"0") or will be discharged, puUing the column lines 
down to a low level (for a programmed "1"), To 
provide the very fast Chip Select to Output Delay 
time (tco) of 120 ns, all of the sense amplifiers are 
turned on when the device is deselected, and, when 
CS/WE reaches Vjl, those which are not selected 
are turned off, and the remaining eight amplifiers 
convert the charge on the column lines to TTL out- 
put levels by way of the output buffers. 

During programming the selected row and column 
lines are pulsed to approximately 26 volts and the 
floating gate is charged as was described in the pre- 
vious section. It is the presence of these 26V pulses 
on the interconnected top gates that lead to the 
requirement that ALL ADDRESSES MUST BE 
PROGRAMMED SEQUENTIALLY; PROGRAM- 
MING OF SINGLE WORDS OR SMALL BLOCKS 
OF WORDS IS NOT ALK^lffiD, as transients may 
be generated that could partially alter the charge 
state of the cell. 
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Figure s. Expanded Block Diagram 



Output Buffer 

The equivalent schematic of the Output Buffer is 
shown in Figure 6. As is shown, the output buffer 
consists of a pair of MOS transistors, connected in 
a push-pull configuration. CS_enables both transis- 
tors when true, while when CS is false tsdtll oulptlt 
devices are turned off, providing three state output 
operation. The output buffer will provide a Vql of 
0.45V at an Iql of 1 .6 mA, and a Vqh of 2.4V at 
-1.0 mA. 
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Table II. D.C. Read Mode Characteristics 



Symbol 


Parameter 


Mm. 1 yp-' ' iviax. 


Unit 


Conditions 




Address and Chip Select Input Sink Current 


1 in 


II A 


*IN ~ o.^SJ V or VjN — V(L 


'lo 


Output Leakage Current 


1 10 


(jA 


Vqut 5.2bV, CS/WE = 5V 


Idd'^' 


Vqd Supply Current 


50 65 


mA 


Worst Case Supply Currents: 
All Inputs High 
CS/WE = 5V; Ta = 0°C 




Vcc Supply Current 


6 10 


mA 




Vgg Supply Current 


30 45 


mA 




Input Low Voltage 


Vgs 0.65 


V 




V|H 


Input High Voltage 


3.0 Vcc+1 


V 




Vol 


Output Low Voltage 


0.45 


V 


Iql = 1.6mA 


VoHl 


Output High Voltage - - 


3.7 


V 


loH = -IOOmA 


VoH2 


Output High Voltage 


2.4 


V 


Iqh = -1mA 


Pd 


Power Dissipation 


800 


mW 


Ta = 70°C 



NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltages- 

2. The total power dissipation of the 2708 is specified at 800 mW. It is not calculable by summing the various currents (IdD' 'CC* 
and Iqq) multiplied by their respeptive voltages since current paths exist between the various ^ovver supplies and V^. The Iqq, 
Iqq, and Iqq currents should be used to determine power supply capacity only. 



D.C. DEVICE CHARACTERISTICS 

Only those D.C. Characteristics that require special 
attention by the user are presented in this section. 
The reader is referred to the 2708 device data sheet 
for further details. The pertinent D.C. device speci- 
fications are tabulated in Table II. 

The 2708 requires tliree power supplies, +1 2V and 
±5V. The device is rated to meet all applicable 
specifications with these supplies held within ±5% 
of their normal value. The Absolute Maxinuim 
Ratings in the data sheet are tlio maximum that the 
various device parameters can withstand and should 
not he cxcectlcd during any phase of device opera- 
tion, including programming. 

Read Mode 

The range of values of currents from the three 
power supplies, Vdd (+12V), Vcc (+5V) and Vbb 
(— 5V) are shown in Table_II, presented for the 
worst case conditions; i.e., CS/WE = 5V and Ta = 
0°C. The Id0, Ice and Ibb data presented indicates 
the maximum current drawn by the respective 
power input. These inputs cannot simultaneously 
draw maximum current. Refer to the APPLICA- 
TIONS SECTION for measured laboratory data of 
the interactive effects of switching the various 
supplies off to conserve power. 

The addresses are TTL compatible, requiring Vjl 
between Vss and 0.65V and Vm between 3V and 
Vcc + 1- Care should be exercised, in selecting 



address buffers to insure the minimum Vih level is 
met by use of appropriate TTL circuit elements or 
pull-up resistors to Vcc- 

During the Read mode, the CS/WE input (pin 20) 
is also TTL compatible; however, the Vil and Vjh 
requirements for the address inputs are still appli- 
cable. 

The outputs are also TTL compatible, producing a 
Vol ot 0.45V maximum @ 1 .6 mA and a Vqh of 
3.7V with -100 //A capability, or 2.4V with -1 mA 
capability. Typical output sink current is plotted 
in Figure 7 as a function of the output voltage and 
temperature for applications requiring higher than 
nonnal Iol currents. 

Figure 8 illustrates several points regarding the 2708 
power supply currents. First of all, as with all MOS 
devices, the power supply currents will decrease as 
a function of increasing temperature. The second 
point is that the current requirements of the device 
increase when it is deselected, i.e., when CS/WE is 
at Vih. The reason for this is that in order to meet 
the very fast tco time of I 20 ns, all of the decoders 
and output stages are turned on when CS/WE is at 
V|||, and the decoders deselect those that are not 
rc<inired for the given data cycle. The graph also 
illustrates that the Vdd power supply is the most 
logical supply to be selected for switching to reduce 
power. Of course, if the system configuration per- 
mits, CS/WE can be tied to Vss to reduce power. 
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Figure 8. 2708 Power Supply Current 



Table I II, P.C. ProigRanimtna Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Ili 


Address and CS/WE Input Sink Current 






10 


UA 


V|N = 5.25V 


'iPL 


Program Pulse Source Current 






3 


mA 




hPH 


Program Pulse Sink Current 






20 


mA 




Idd 


Vqd Supply Current 




50 


65 


mA 


Worst Case Supply Currents: 


Ice 


Vcc Supply Current 




6 


10 


mA 


All Inputs High 


Ibb 


Vbb Supply Current 




30 


45 


mA 


CS/WE - 5V;Ta = 0''C 


VlL 


Input Low Level (except Program) 


Vss 




0.65 


V 




V|H 


Input High Level for all Addresses and Data 


3.0 




Vcc+1 


V 




VlHW 


CS/WE input High Level 


11.4 




12.6 


V 


Referenced to Vss 


V|HP 


Program Pulse High Level 


25 




27 


V 


Referenced to Vss 


Viup 


Ps'sgraiKi Pulse Low Level 


Vss 




1 


V 


V|Hf> - ViLP >«25V «**. 



Program Mode 

The address and data inputs are low level compatible 
during programming, with tlie same requirements 
of V|L and Vih as for the Read mode. The D.C. 
characteristics for programming are shown in Table 
III. To enable the device for programming, the 
CS/WE pin is raised to Vihw. (1 1 ■4V). If the system 
requirements dictate that the device stay in the 
same socket or location for both reading and pro- 
gramming, it should be recalled that this pin will 
require three input levels: Vil of Vss 'o 0.65V to 
select the device for a read operation, a V|h of 3V 
to Vcc +1 to deselct the device and place the out- 
put in the high impedance state, and a V|hw of 
1 1 .4 to 12.6V to Write Enable, or allow program- 
ming of the device. Several circuits for generating 
these three active levels (Vjl, Vjh and ViHw)are 
shown in the PROGRAMMING section (page 7). 

During program operation, the outputs becpme the. 
data inputs and should be treated as a three state 
bus. The same Vil and levels apply to Wie dafe 
I/O pins as apply to the address pins. 



The program pulse, which is applied to pin 18 dur- 
ing programming, must meet a Vjlp requirement 
(Vss to IV) and a Vjhp requirement (26V ± IV). 



The program pulse source must be capable of sup- 
plying a maximum of 20 mA per device when hj^ 
(ViHp), and be able to withstand the Program Pulse 
Sink current of 3 mA (Iipl). This sink current should 
be considered whep designing the program pulse 
driver, as, if a resistive pull-down is used, the voltage 
•drop across the resistor can violate the Vjjjp max 
requirement of IV. It also should be noted that the 
program pulse will nO,t meet specification if Vjhp is 
taken at its minimum value (25 V) and Vilp is taken 
at its maximum value (IV)» as Vihp— Vjlp must 
equal 25 volts minimum. Several circuits are pre- 
sented in the PROGRAMMING section to provide 
program pulses which easily meet the 25 V minimum 
requirement for Vihp— VjLp. 
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A.C. DEVICE CTARACTERISUCS 

Read Mode 

Figure 9, the Read mode timing, indicates the maxi- 
mum or minimum timing for the various timing 
parameters. Particular attention should be paid to 
tDF. chip deselect to output float time. This indi- 
cates that the output buffers of the 2708 are not 
^iaranteed to reach the high impedance state until 
120 ns after CS/WE reaches the 2.8V point. If 
another device attempts to take control of the out- 
put node during this time, very hijji Ice current 
will be drawn, generating noise on the supply lines 
and possibly reducing the Vcc level such that other 
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DATA 

GUT. 
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-- t-cc (280 TYPt 



DATA OUT INVALID 



.^(0 MINI 
(120 MAX! 



NUMBERS IN ( » INDICATE TIMING IN NS. 



Figure 9. 2708 Read Cycle Waveforms 



devices may become inoperative, top 's also a fac- 
tor to consider when switched Vod is used. See the 
APPLICATIONS section for further discussion. 

Program Mode 

Figure 10 indicates the Program mode timing, while 
Table IV tabulates the various programming A.C. 
parameters. 

Several options are available to the user when pro- 
gramming the 2708, as shown in the data sheet. 
The waveforms shown in Figure 10 represent the 
most efficient method. The various parameters are 
self-explanatory; two will be discussed here. The 
program pulse rise and fall times, tpR and tpp, must 
be held within the range of 0.5 and 2 ^^% to minimize 
the transient coupling effects discussed in the 
memory array section. This usually requires a series 
RC network on the output of the program pulse 
driver to slow down the rise time. Exotic waveform 
generators are not required. Refer to the PRO- 
GRAMMING section for circuit recommendations. 

The other parameter of concern to the user is the 
transition from Program mode to Read mode. If 
the CS/WE transition does not occur after the final 
program pulse transition and before the address 
transition, as shown in Figure 10, nodes internal to 
the device will not discharge, causing the output 
buffers to indicate false data for severiQ milliseconds. 




NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 
AND BEFORE THE ADDRESS TRANSITION. 



NOTE 2. NUMBERS IN ( ) INDICATE MINIMUM TIMING IN fiS UNLESS 
OTHERWISE SPECIFIED. 



Figure 10. 2708 Programming Waveforms 



■SPSS 



TabiB IV, AiC. Pragramming Cinractsristici 



■' Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 




Address Setup Time 


10 








tcss 


i ■ — . ^ 

1 CS/WE Setup Time , 


10 








tos 


Data Setup Tiine 


10 






MS 


tAH 


Address Hold Time 


1 






MS 


tCH 


CS/WE Hold Time 


.5 






MS 


tDH 


Data Hold Time 


1 






MS 


tDF 


Chip Deselect to Output Float Delay ' 







120 


ns 


tpPR 


Program To Read Delay 






10 


MS 




Program Pulse Width 


.1 




1.0 


ms 




Program Pulse Rise Time 


.5 




2.0 


MS 


tPF 


Program Pulse Fall Time 


.5 




2.0 


MS 



NOTE: Intel's standard product warranty applies only to devices prograinn(if!d to spKifications described herein. 



This will appear as an excessively long topR, Program 
to Read Delay. If the CS/WE timing is difficult to 
adjust, providing the binary complement of the first 
address to be verified before actually verifying will 
also discharge the internal nodes. 



PROGRAMMING 

A number of programmers are commercially avail- 
able that will properly program the 2708. Intel 
maintains a service whereby commercial program- 
mer manufacturers obtain design approval prior to 
marketing their device, in order to assure compati- 
bility with Intel specifications. This approval should 
be verified with the particular programmer manu- 
facturer prior to purchase. 

It is also possible to build a programmer as part of 
the user's ^stem, by adhering to the following 
description: "nie device is set up for programming 
operation by raising the CS/WE input (pin 20) to 
ViHW (+12V). The word address is then selected in 
the same manner as in the Read mode. Data to be 
programmed are presented, 8 bits in parallel, to the 
data output pins (Oj-Og). Logic levels for address 
and data lines and the supply voltages are the same 
as for the Read mode. After address and data set 
up times (tAS and tcs. Fig- 10), one program pulse 
of width tpw is apphed to the program pin (pin 18). 
This sequence is then repeated for the next address. 
One pass through all 1.024 addresses is defined as a 
program loop. The number of program loops (N) 
required is a function of the program pulse width 
(tpw) according to the formula: 

NXtpw> 100 ms 



where 

N is the number of prop'am loops 
tpw is the program pulse width. 

The width of the program pulse can vary from 0. 1 
to 1 .0 ms. The number 6f loops (N) can vary from 
a minimum of 1 00 (tpw = 1 -0 ms) to greater than 
1000 (tpw = 0.1 ms), depending on the value chosen 
for tpw. IT IS NOT PERMITTED TO APPLY N 
PROGRAM PULSES TO AN ADDRESS AND 
THEN CHANGE TO THE NEXT ADDRESS AND 
APPLY N PROGRAM PULSES. THERE MUST BE 
M SUCCESSIVE LOOPS THROUGH ALL 1024 
APDRESSES. 

Referring to the timing diagram, Figure 10, opti- 
mum or most efficient programmms is achieved 
when: 

t^ = tAS = ti)S= 10 MS 

tpw = 1 ms ^ 

tAH = tDH = 1 .0 /iS 

tpR = tj>p = d.5 ixs 

and the time for 1 address becomes: i ' 

tAS + tpR + tpw + tpF + tAH = 1.012 ms 

or, for 100 loops and 1024 addresses, the total 
time to program an entire device will be 1.012 ms/ 
address X 100 loops X 1024 addresses, or 103.6 
sec. Note that the program pulse duty cycle is 
approximately 99%. Whatever the len^ of the 
program pulse, the requirement for rnaldni^ SHc&@s- 
^e passes through all addresses cannot be ettni- 
nated. 
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Figure 11. Typical Programming Block Diagram 



Typical Programmer 

Figure 1 1 illustrates a block diagram of a typical 
programmer that meets all the requirements for 
programming the 2708, as well as facilitating inter- 
face to a microcomputer I/O bus if it is desired to 
use the microprocessor system as a data source. 
Keyboard entry is also possible, although it does 
become tedious to manually enter data for 1024 
PROM locations. 

Operation of the programmer is as follows: While 
the data is being generated, the RAM Read/Write 
Control line allows information to pass through the 
Data Buffer and Address Buffer as in normal micro- 
computer memory operation. When the data is 
finalized in the IK by 8 RAM, a Program Cycle 
Initiate command is generated, which responds, via 
the Program Cycle Latch, by generating a Busy sig- 
nal back to the processor, and disenables the Data 
and Address Buffers, inhibiting further communi- 
cation with the I/O bus until the program cycle is 
complete. The Program Cycle Latch also starts the 
Program Clock, enables the RAM, and Write Enables 
the PROM. It also initializes the Address and Pro- 
gram Loop Counters. The Program Clock activates 
the Program Pulse Generator, causing the informa- 
tion from RAM address Aq to be programmed into 
the PROM. The next clock pulse increments the 
address counter and when the RAM data corre- 
sponding to that address is presented to the PROM 
inputs (outputs during read), it again increments 
the address counter and continues until the Address 
Counter overflows on the 1024th pulse, at which 
time the Program Loop Counter is incremated. 



The entire process is then repeated until the required 
number of program pulses has been received by 
each PROM location, and the Program Loop Coun- 
ter overflows, resetting the Program Cycle Latch. 
The PROM can now be read or verified by way of 
the PROM cycle request. 

To modify data in a partially programmed PROM 
it is only necessary to read the PROM into the RAM, 
enter the new data pattern, and check to be sure 
that no bits will be attempting to program O's to 
I's, and reprogram the PROM as described above. 
The only method of programming a "1" where 
there is a "0" is to erase the entire device and 
reprogram. This process is illustrated graphically in 
Figure 12. 
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Figure 12. Ra^rogramming 2708 Outputs 
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Program Pulse Driver Circuits 

Figure 13 presents several circuits which have been 
successfully used to generate the required 26V pulse 
for programming, and one circuit which should not 
be used. 



The circuit shown in Figure 13a should not be used, 
as the resistive pull-down will not meet the Vilp 
requirement of IV max, thus not allowing Vjnp— 
Vilp to be equal to or greater than 25V. As was 
mentioned earlier, the reason for this is that the 
Program pin, Pin 18, sources Ijlp of about 2 mA 
when the program pulse is low and CS/WE is at 
+12V. The other circuits, b and c, do meet all the 
A.C. and D.C. specifications associated with the 
program pulse. 



CS/WE Driver Circuits 

Figure 14 presents several circuits for generating 
the CS/WE signal. Circuit a is very simple, providing 
the three necessary levels for on board programming. 
Circuit b has increased driving capability and isola- 
tion over circuit a, and will allow more noise margin. 
In addition, the inclusion of the two lOOfi resis- 
tors provide short circuit protection in case of 
socketing or soldering errors. A truth table is in- 
cluded with circuits a and b to indicate the various 
input/output conditions. Circuit c provides only 
two levels, Vil (OV) and Vihw (+12V), for use in 
"program and verify only" circuits; the PROM 
cannot be deselected using this circuit. Another 
way of generating the and +12V signals would be 
to use a TTL to MOS driver, such as the Intel® 
3245. 
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Figure 13. Program Pube Driver Circuits 
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Figure 14. CS/WE Driver Circuits 
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On Board Programming 

Unlike many otiier erasable and programmable Read 
Only Memories, the 2708 can be soldered directly 
into a printed circuit board and programmed while 
"in circuit", as the inputs and outputs stay low 
level compatible during both read and program 
modes of operation. When erasure is required, the 
circuit board is unplugged and placed under a UV 
lamp for the required period of time. 

In many microprocessor systems, it is quite easy to 
implement the RAM storage required for a data base 
when programming by using available RAM storage. 
Be sure to observe all the required setup times if 
the address and data bus will be performing non- 
programming related functions while the PROM- is 
being programmed. 

Figure 15 illustrates a possibJe scheme for imple- 
menting a data output/input buffer. 



TOOATAIN8USB1T0 
TO DATA OUT 8US BIT 



TO DATA IN BUS BIT 7 
TO DATA OUT BUS BIT 7 



BIOIRECnONAI. 
BUS DRIVER/RECEIVER 
{NATIONAL 85L51 OR 
EQUIVALENT) 



CS/WEq - 
^/WEi - 
CSAVF? - 

CS/WE3 - 



ADDRESS 
"BUS 



Figure 16. Circuit Implementation for On-Board 
Programming 

ERASING 

The 2708 is erased by exposure to ultra-violet light 
at a wavelength of 2537A. The recommended inte- 
grated dosage (i.e. UV intensity X exposure time) 
is 15 W-sec/cm-. In order to insure that all bits are 
erased, this dosage includes a guard band and is not 
equal to the dosage required to see the last bits 
return to the initial state. A guard band of 3 to 4 
times the initial period (that time which appears 
to erase all bits) is suggested so that the device will 
appear erased at extremes of temperature and volt- 
age. 



Table V. UV Sources for Erasing the 2708 


IVIodel 


Power Rating 


Typical Time to Erase 
a 2708 Device 


S-68 


12000 uW/cm2 


1 5 minutes 


S-52 


12000 uW/cm2 


15 minutes 


UVS-54 


5700 uW/cm^ 


45 minutes 


R-52 


13000 uW/cm2 


15 minutes 


UVS-11 


5Ba0uW/cm2 


45 minutes 



Figure 15. Data Output/Input Buffer 



To take advantage of this feature , which is not tested 
or included as part of the device specifications, the 
program pulse should be applied to all devices as 
shown in Figure 1 6. Program decode is then accomp- 
Ushed by way of the CS/WE pin. PROM's to be 
programmed have this pin raised _to the Vjhw level 
(-1-1 2V), while it is left at Vih (CS=3V) for those 
parts which are not to be programmed. Reserve 
should be built into the program pulse power supply 
when operation in this mode is planned, but in no 
case willit exceed the maximum of 20 mA per 2708 
ai specified in Table III. 



Table V lists several UV sources for erasing the 
2708. The model numbers referred to are manufac- 
tured by Ultra-Violet Products, Inc. (5114 Walnut 

Grove Avenue, San Gabriel, CA). 

The times indicated are for the lamps placed about 
1 inch away from the parts to be erased and with- 
out shortwave filters installed. For lamps other than 
those listed, the required times can be determined 
empirically or by means of an ultra-violet intensity 
meter, such as the UV Products Model J-225. When 
a meter is used, the intensity should be determined 
at the same location (distance from UV tube) as 
the PROM will be placed; this will require careful 
measurement to insure that the sensor is receiving 
exactly the same amount of UV light that the 
PROMs will receive. 
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Switched Power SHI^Iies 

Although not specified in the D.C. and A.C. 
DEVICE SPECIFICATIONS sections, the 2708 can 
be operated in a power down mode by switching 
off the Vdd power supply. This is advantageous in 
many applications where power dissipation is a 
critical factor, such as battery operated or battery 
backed-up systems. Referring to Table II, the maxi- 
mum Idd P«wer that can be saved by switching the 
Vdd power supply is 780 mW. Two factors should 
be noted, however. First of all, the access time will 
tosisase some^^hat, as shown in i^u^ 17. 




t - 50 ns/DIV 

a. WITHOUT SWITCHED Vqd 




b. WITH SWITCHED Vdd 

Figure 17. 2708 Access Time 



The photos were taken using th6 circuit of Figure 
18, at room temperature and with a small sample 
of parts. Based on this information, the PROM 
data strobe should be moved out approximately 
150 ns to allow a guard band for the system. The 
second point related to the switching of Vdd is tlTe 
reduction of Vbb current (Ibb)- Figure 19 indicates 
ttiat Ibb ii^P^l^^se^ tP. an..w^gQ^£dp^xin)at6ly 
J.3iyiMiAeii-ViH} is-off 



■ 




7406 

— 


IK 

VA ' 



■ TO Vdd (P'N 19) 



Figure 18. Circuit for Switching Vqd 




a. WITHOUT SWITCHED Vdd 




U WITH SWfTC»ED Vdd 



Figure 19. ZTOS Igg Current 



As shown in Figure 20, output deselection occurs 
within tpF (Chip Select to Output Float Delay) 
when CS is held low and Vdd is switched. 

Switching off Vcc will save some power, but the 
maximum value is so low (10 mA) that the extra 
components required for switching are probably 
not justified. Typical values of Ice decrease about 
50% when the Vdd supply is switched off. 

The Vbb supply could also be switched, but, con- 
Mering tt€ reduction when the Vdd supply is 
Switched off, the additional coinponents required 
to switch this supply would probably not be justi- 
fied, either. In addition, unless an extra power 
supply of —10 to -15 volts is available for a driver 
circuit, access tiine would be significantly degraded 
(labftratery data indicates about 50 jus). 
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I - 60 ns/DIV 

a. WITHOUT SWJTCH ED Vdd 




b. WITH SWITCHED S/qq 



Figure 20. 2708 Output Deselection and Iqq Current 



Another way of reducing power is to leave the device 
continuously selected and control the output by 
way of an enable signal on a latch or gate. Referring 
to Figure 8, this method would reduce power dis- 
sipation nearly 50%, as the device does dissipate 
less power when CS/WE is low. 

OR Tie Considerations 

When two or more 2708's are wire ORed to- 
gether, care should be exercised to see that valid 
data will be obtained. Referring back to Figure 7 
and Figure 21, if two devices are selected at the 
same time, a current path can exist from Qi to Q4 
is shown in Figure 2 1 . This current can be destruc- 
tive to the output stage of one of the devices, or, 
the transistor with greater current sourcing or sink- 
ing capability can cause false data to be read from 
the output bus. In addition, the very hi^ Vcc cur- 
rent drawn while both Qi and Q4 are on will 
generate noise on the Vcc power supply lines, and 
possibly reduce the Vcc that is connected to other 
TTL control circuits, causing momentary false 
indica^ons. If the niaximum chip deselect to out- 
put float delay (toF) is observed, there will be no 



problem. The same type of situation can occur 
when the 2708 is used in conjunction with other 
memory devices, such as the RAM portion of 
the programmer shown in Figure 1 1 . Careful 
analysis of the system timing requirements and 
maximum delay paths can eliminate these prob- 
lems before they oceu^jSt tiie final checkout oC a 
system. 




DATA 
BUS 



Figure 21 . Results of improper Timing wlien OR Tying 
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High Voltage CMOS Interface 

Because the 2708 is erased by the same technique 
as the Intel® 1702A, some users have assumed that 
the various techniques for interfacing to high volt- 
age CMOS circuits are similar. In fact, they are not. 
The 1702A is a p-channel device, requiring two 
power suppHes (+5V and -9V), while the 2708 is a 
n-channel device and requires three power supplies 
(+12V, +5V and — 5V). It is permissible to assign 
the ground (OV) to the most negative supply and 
reference all the other supplies to it; however, suit- 
able level shifters must be used to provide the 2708 
with suitable input level signals, and to convert the 
outpi^t signals back to the system reference levels. 
Figure 22 shows a possible voltage translation. 

^ t:^k^^-},: I 



SUPPLY 


2708 VOLTA6E 


SYSTEM VOLTAGE 


VOD 


+f2V 


+17V 


Vcc 


+ sv 


+10V 


vss 


OV 


+ 5V 


Vbb 


- 5V 


OV 


V|L 


to +0.65 


+5.0 to +5.65 


V|H 


+3.0 to +6.0 


+8.0 to +1 1 .0 


Vol 


+0.46 


'l>S.4S 


VOH 


+2.4 9 -1 mA 


+7.4 • 



Figure 22. 2708 Voltage TrMilation 
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Some suitable translator circuits are: RCA CD4009/ 
4010 or National F/4104/34104. The use of these 
circuits also allows some high voltage CMOS logic 
to be implemented, such as address and data clocks, 
at the CMOS levels, rather than convert them to 
TTL levels for operation of the 2708. 
Another incorrect method of attempting to inter- 
face directly to CMOS circuits is to change the 
Vcc supply to the new interface voltage. In devices 
such as the Intel® 2107B this is permissible, as the 
Vcc supply is connected to the output buffer 
stage, but in the 2708, the +5V is used in the sense 
amplifier and other internal circuitry, s€> tWs 
should not be done. 

Under Programming and Under Erasing 

It is possible to "under pn^ram" the 2708, sudi 
that the cell characteristic crosses the sense thresh- 
old. The result of this is that Uie cell apparently 
drops or picks up bits. As can be seen in Figure 23, 
the threshold characteristic has been shifted such 
that small changes in voltage or temperature will 
cause a "1" or a "0" to be sensed. This is always 
the result of insufficient erasing or programming. 
For erasure to cause this problem, the device has 
only been partially programmed, and the character- 
istic curve has only been shifted to the sense 
threshold point and the device will again seem to 
either pick up or drop bits. The cure, in either case. 




Figufe 23. Effect of Under Projramming or Under 




is to 1 ) adequately erase by providing the required 
10 W-sec/cm2 of UV li^t at a frequency of 
2537A, or 2) program in accordance with the 
spsdiMtaM) 
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INTRODUCTION 

The INTEL® 2716 is a fully static 16,384-bit 
(2048 X 8) Eraseable Programmable Read Only 
Memory, or EPROM. The device is packaged in a 
standard 24-pin DIP, which has a transparent lid to 
allow erasure in a manner similar to that of the 
INTEL® 1702A and 2708. Maximum access time 
is 450ns. The device requires a single power supply 
(Vcc = 5V ±5%) for nonnal read cycles; during 
programming the program power supply (Vpp) 
must be raised to +25V to program each location, 
a single TTL level pulse is required; one SOms pulse 
per address programs 8 bits in parallel. The addresses 
can be randomly programmed. 

All input signals are fully TTL compatible during 
both the read and program modes. The data outputs 
are three state to facilitate memory expansion by 
OR tying. Initially and after each erasure the 2716 
contains all TTL highs ("T's); programming or 
introducing TTL lows ("0"s) is accomplished by: 
1) raising the Vpp pin from +5V to +25 V, 2) apply- 
ing TTL jevel addresses and TTL level data, 3) rais- 
ing the CS pin to a TTL high, and 4) applying a 
single SOms TTL level pulse to the PD/PGM input. 

The Vpp supply may be left at the +25V level for 
program verification, but should be returned to 
+5V level during normal read cycles to reduce 
power dissipation. 

DEVICE DESCRIPTION 

The 2716 is packaged in an industry standard 24 
pin DIP as shown in Figure 1 . The functions of the 

various control pins are shown in Table I. 

During read operation CS is used to select and de- 
select the 2716. The PD/PGM pin is maintained at 



Table I. 2716 Pin Connections and Functions. 



PINS 


PD/PGM 

(18) 


CS 
(20) 


(211 


Vcc 
(241 


OUTPUTS 
(9 11, t3 17) 


MODE 


Read 


V|L 




■•5 


>b 


□out 


DesL'lect 


Don't Care 




*5 


*b 


High Z 


Power Down 


V|H 


Don't Care 


t5 


+5 


Ht9h Z 




Pulsed V,L to V|H 




*25 


+5 


Din 


Program Vetilv 


V|L 




+25 


+5 


Dqut 


Program Inhibit 




V|H 


+25 


+5 


HighZ 



ViL, while Vpp, the program power supply, is 
maintained at +5V. As shown in the D.C. Device 
Characteristics Section, Ippi (the current required 
by pin 21) is 5mA maximum during read mode, so 
pin 20 should be kept at Vcc except when program- 
ming. As a convenience to users, it is allowable to 
keep the Vpp pin at +25 volts for program verifica- 
tion, but it must be returned to +5V upon com- 
pleting program verification. This is easily accom- 
plished by connecting a diode from pin 24 to pin 2 1 
as shown in Figure 2. The tolerance on Vpp allows 
for a diode drop as discussed in the D.C. Operating 
Characteristics section. For read only applications, 
the Vpp pin may be tied directly to the Vcc pin. 




Figure 2. 2716 Power Supply Connections. 
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Figure 1. 2716 Pin ConfiglifatilMt. 



The PD/PGM input serves several functions. When 
low this signal enables the address, data and CS 
input buffers, whether Vpp is at +25V or +5V. 
When high with Vpp at +5V, the 2716 is powered 
down and the output^ are deselected without 
regard for the state of CS. In this mode the maxi- 
muiti Ice current is reduced from lOOmA to 25mA. 
When CS is high and Vpp is at 25V, the data pre- 
sent on the output will be programmed into the 
selected address when PD/PGM is pulsed Higji 
(from ViL to Vih) for SOms. 

A block diagram for the 2716 is shown m Figure 3. 
The array of stacked gate cells is arranged as two 
64 X 128 matrices, each of which is split into four 
16 X 128 segments. The high order address bits 
(A4-A10) determine which of the 128 rows is to 
be accessed by way of the top select gate, while 
the low order address bits (A0-A3) perform the 
column decode function by activating the 1 of 16 
decddeis Much -iire associated wi^ ea<dimitput bit. 
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Figure 3. Detailed Blocic Diagram. 



Cell Description 

The heart of the 2716 is the single transistor 
stacked gate cell, which is similar to the cell used 
in the INTEL® 2708. The cell consists of a float- 
ing gate, used to store charge, and a top select 
gate which is connected to the output of the row 
decoder. The cell is programmed by injection 
of high energy electrons through the isolating 
oxide and onto the floating gate. Once there, the 
charge is trapped, as there are no electrical con- 
nections to the floating gate. The presence of 
electrons on the floating gate causes a shift in cell 
threshold, as shown in Figure 4. In the initial or 
erased state the threshold of the cell is low, selec- 
tion via the top gate will cause the column line to 
discharge, which is sensed as a "HIGH" by the sense 
amplifier. Programming shifts the threshold to a 
higher level, and selection of the cell will not turn 
it on, the column line will not discharge, and a low 
will be sensed by the sense amplifier. The status of 
the cell is determined by examining its state at the 
sense threshold; if the cell is erased (HIGH data) 
selection wfll cause a higher current to flow between 
the source and drain than if the ceU is programmed 
(LOW data). 

Memory Array Operation 

The cells described in the previous paragraph are 
interc(»tiiecte<l to (om a split 12^ x 12S mt- 




Vj, (NOT PROGRAMMED ' V-j ^ (PROGRAMMED! 

SENSE THRESHOLD 

VOLTAGE ON GATE OF CELL ^ 



Figure 4. Storage Cell Threshold Shift 



trix, as shown in Figure 3. This array is divided 
into 8 sections organized as 16 x 128 cells. Each of 
these sections is connected to a column decoder, 
which selects one of 16 columns, connecting it to 
the sense amplifier which is associated with the 
particular bit. The sense ampUfier is directly 
connected to the output buffer associated with 
the same bit. This data flow is illustrated graph- 
ically in F^ure 5. 
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Figure 5. 2716 Single Bit Data Flow. 



Output Buffer 

An equivalent schematic of tlie output buffer is 
shown in Figure 6. As is shown, the output buffer 
consists of a pair of MOS transistors, connected 
in a push-pull configuration^ CS enables both 
transistors when true; when CS is false both out- 
put devices are turned off The PD/PGM input 
also is related to the output buffer and does place 
the output buffer in the high impedence state 
when the internal signal Power Down is high. This 
signal is normally low for regular read operations, 
and functions as an output deselect when high. 
Remember that if Vpp is at +25V and CS is high, 
raising PD/PGM high will cause a program cycle on 
the selected address. - ■ 

READ MODE 

The 2716 requires only one power supply, -1-5 V 
The device is rated to meet all applicable specifica- 
tions with this supply held within ±5% of its nomi- 
nal value. The Absolute Maximum Ratings in the 
data sheet are the maximum that the various device 
pMameters can withstand and should not be ex- 
ceeded during any phase of device operation, in- 
cluding programming. 

D.C. Characteristics 

Only those D.C. Characteristics that require special 
attention by the user are pressatMl ^omt^Ut^^tHM' 




Figures. 2716 Output Buffer. 



The reader is referred to the 2716^!\rtce data sheet 
for further details. The ptTtm€hiu:C'. device speci- 
fications are tabulated in Table II. 

The range of the leakage currents sliown in Table II 
apply for all inputs and outputs, including the out- 
puts (O0-O7) when they are serving as data inputs 
for programming. 

Ipp 1 is the current required by the Vpp pin (pin 2 1 ) 
when the Vpp supply is set to 5V, as it would be 
for normal read operations. The device specifica- 
tion requires a +5% tolerance on the VcC supply. 
In anticipation that users will couple pin 2 1 to pin 
24 by way of a diode, the tolerance on Vpp has 
lytMtf^ . .t§ Mj&V tQ ^^ foT the forward 
irt^#f%e'8lo^. 

Ipp is only applicable to the current drawn by pin 
21 when the PD/PGM pulse is low; when it is high 
(as in the case of tlie program pulse) the current 
drawn by this pin will be 30mA. 

ICCl is the power supply current when PD/PGM 
is high and Vpp is at a npininal 5V, and represents 
25% of the total maximum IcC current. As was 
discussed previously, the outputs are automatically 
placed in the high impedance state when the PD/- 
PGM pin is raised to Vih. IcC2 is the maximum 
power supply current required by a 2716 in read 
mode, and reaches this maximum of SOOmW 
' »(SD/xW/bit) at maximuiti tBW^ratiife. 



T4Mt II. Z716 O.C. and Operating Charaeteristioi. 

TA-0°Cto 70°C, Vgc'^'^' =+5V±5%, Vpp™ = Vcc±0.6V131 



Qirmknl 


raifliiio%lli 


Limits 


Unit 


Conditions 


l\Ain. 


Typ.^^ 


IVIax. 


Ili 


Input Load Current 






10 


MA 


V|N = 5.25V 


Ilo 


Output Leakage Current 






10 


MA 


VouT = 5.25V 


lpp,121 


Vpp Current 






5 


mA 


Vpp = 5.85V 


lcci'« 


Vec Current (Standby) 




10 


25 


mA 


PD/PGM = V,H,CS = V|u 


icc2'a 


Vcc Current (Active) 




57 


100 


mA 


CS = PD/PGM = V|L 


VlL 


input Low Vottage 


-0.1 




0.8 


V 




V|H 


Input High) Voltage 


2.2 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


loL = 2.1 mA 


VoH 


Output High Voltage 


2.4 






V 


Ioh = -400mA 



HOTES: 1 . Vqq must be applied simultaneously or before Vpp and removed simuttaneously or after Vpp. 



2. Vpp may be connected directly to Vcc except during programming. The supply current would tilen be tiie sum of \QQand Ippi. 

3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc read to 25V for program- 
ming. 

4. Typical values are for T/y = 25°C and nominal supply voltages. 

5. This parameter is only sampled and is not 100% tested. 

6. tACC2 '5 referenced to PD/PGM or the addresses, whichever occurs last. 



All inputs are TTL compatible, requiring a VlL 
between -.01 and 0.8V and a Vih of 2.2V mini- 
mum. Care should be exercised in selecting address 
buffers to ensure that the minimum Vih level is 
met by use of appropriate TTL circuit elements 
or pull-up resistors to VcC- 

The outputs are also TTL compatible, producing a 
Vol of 0.45V maximum at 2.1mA and a Vqh 
of 2.4V with -400mA capability. 

A.C. Characteristics 

Figure 7, the read mode timing indicates the max- 
imum or minimum timing for the various timing 
parameters. Particular attention should be paid to 



tDF> chip deselect to output float time. This para- 
meter indicates that the output buffers of the 2716 
are not guaranteed to reach the high impedence 
state xmtil 100ns after CS reaches Vjh. If another 
device takes control of the output node before the 
first device output is in the high impedence state, 
excessive Iqc current will be drawn. See the Appli- 
cations Section for further discussion. 

Power Down Mode 

The 2716 is the first MOS EPROM to have a com- 
pletely static power down mode. This mode is 
activated by raising the PD/PGM input to a TTL 
high level, with Vpp = 5V. 




NOTE: All times shown in parentheses are maximum 
times in nsec unless otherwise indicated. 



Figure 7. 2716 Read Waveforms. 



PD/PGM = V|L 
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The power is reduced by 75% (from SOOmW to 
1 25mW) during the time PD/PGM is hi^. 

When the PD/PGM pin is'^f^ered to a TTL low 
^el, the access time (tACC2) of ^ met as , 



shown in Figure 8. Of course, tACC2 is referenced 
to either the addresses becoming stable or to the 
rising edge of PD/PGM, ,\^|uchenrisr ocicut$ last^'^able 
III summarizes the A.C Cbaiac^Bntics for bodi 
amnal and poww down read cycles. 




H&TB: All times shown in parentheses are maximum 
times in nsec unless otherwise indicated. 



Figure 8. 2716 Power Down Read Waveforms. 



Table III. 2716 A.C. Characteristics. 

Ta = 0°C to 70°C, = +5V ±5%, Vppl^l = Vcc ±0.6V'^' 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ.[«l 


Max. 


tACC1 


Address to Output Delay 




250 


450 


ns 


PD/PGM = CS = V|u 


tACC2 


PD/PGM to Ou^tit May" ' • 




280 


450 


ns 


S = V,L 


tco 


Chip Select to Osi^t May 






120 


ns 


PD/PSM ' V|L 


tpF 


PD/PGM to Output Float 







100 


ns 


CS = V|L 


tDF 


Chip Deselect to Output Float 







100 


ns 


PD/PGM = ViL 




Address to Output Hold 









ns 


PD/PGM -^ ='V,L 



PROGRAM MODE 
^racteristics 

The 2716 requires a single TTL level pulse to pro- 
gram each address with the Vpp supply set to 25V. 
Addresses can be programmed in any sequence. 
The Vpp supply can be left at +25V continuously 
while programming; it can also be left at +25V for 
program verify cycles, but must be returned to 
the +5 volt level for normal read cycles to reduce 
power dissipation. A maximum of 30mA will be 
drawn from the Vpp supply when the PD/PGM 
pulse is high and CS is hi^; during read operations 
thelppi speciflt^tiMtiflf ||iaA..aw^Kif»r.",r,. i ^ i 

The address and data inputs are TTL compatible 
during programming, with the same requirements 
of ViL and ViH as for the Read Mode. The D.C. 
Characteristics for programming are shown in 
lWe/-iVlir%tg^bte 4he dmice tot pigrMMMm' 



the CS pin is taken to Vjh and the correct address 
and data inputs provided. After the appropriate 
set up times, (see Figure 9) a single pulse from VjL 
to V[H on the PD/PGM input for SO^' ptopMB 
the desired address. 

During program operation, ibe oMttnits become the 
data inputs and should be frtmted as a three state 
bus. The same leakage, as weB as Vil and Vm 
specifications apply to the outputs as for the 
inputs during normal read operations. 

The program pulse, which is a TTL pulse of 50ms 
duration, is applied to the PD/PGM input. During 
the time that this pulse is high, a maximum of 
30mA (1CC2) will be required from the Vpp power 
supply. Vpp can be left high (at +25V) to verify 
the programmed data, however, it must beTetumed 
to the 5V level to reduce power dissipation. Also, 
in order to reduce power dissipation, the PD/PGM 

0am mmwemie^i^'mgttmM 55m mea 
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Table IV. 2716 D.C. Programming Characteristics. 

Ta = 25°C +5°C, Vcc'^' = BV +5%, Vpp'^.S) = 25V ±1V 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Ili 


Input Current (for Any Input) 






10 


MA 


V|N = 5.25V/0.45 


Ippi 


Vpp Supply Current 






5 


mA 


PD/PGM = V|L 


Ipp2 


Vpp Supply Current During 
Programming Pulse 






30 


mA 


PD/PGM = V|H 


Ice 


Vcc Supply Current 






100 


mA 




V|L 


Input Low Level 


-0.1 




0.8 


V 




V|H 


Input High Level 


2.2 




Vcc+1 


V 





NOTES: 1. Intel's standard product warranty applies only to devices programmed to specifications described herein. 

2. Vqc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The 2716 must not be inserted 
into or removed from a board with Vpp at 25 ±1V to prevent damage to the device. 

3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be tal<en when 
switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 




NOTE: ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE /iSEC UNLESS OTHERWISE NOTED. 

Figures. 2716 Programming Waveforms. 



Vpp = 25V±1V, Vcc = 5V±5% 



the Vpp supply is at +25 V; it can be left high only 
with Vpp at +5V, which deselects the output and 
places the device in the low power standby mode. 

The tolerance on tlie Vpp supply is 25V ±1V. 
When switching the Vpp supply from +5V to +25V, 
particular care should be taken to ensure that there 
is no overshoot above 26V; exceeding this can be 
destructive to the programming circuits on the 
device. It is also not permitted to "hot socket" the 
devics in a pro^amme? {with le^ect to the Vpp 



supply) as the resulting transients could cause the 
Vpp supply to exceed the maximum of 26V. 

A.C. Characteristics 

Figure 9 indicates the program mode timing, while 
Table V tabulates the various programming A.C. 
parameters. 

To program a 2716, the address, data and CS sig- 
must all be stable 2/is before the PD/PGM pin 
is m^niA tor SQnas iSms. TMs is shown in 
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Figure 9 as tAS. tDS and tcS- After the falling edge 
of the program pulse, these same signals must be 
held stable for 2ps (tAH. tDH and tcSH); then the 
next address and data can be presented, sequentially 
or not according to the ease of system implemen- 
tation, and the next address programmed. In this 
manner it is possible to program an entire 2716 in 
approximately 100 seconds, while a single address 

requires only SOms pTogiam. , 

■ il' rir jit 111 

WIOGRAMMING 

A number of programmers are commercially avail- 
able that will properly program the 2716. (see 
Table VI) Intel maintains a service whereby com- 
mercial programmer maiJufacturers obtain design 
approval prior to marketing their device, in order 
to assure compatibiUty with Intel specifications. 
This approval should be verified with 'the particulw 
manufacturer prior to purchase. , 



For those users who want to buUd their own pro- 
grammer, a design is included at the end of this 

section. 

Figure 10 illustrates a typical 2716 programmer 

block diagram. The address & data inputs can come 
from a system bus, or from toggle or thumbwheel 
switches. If system inputs are used, the Address 
Input Buffer should be a latch to allow the system 
bus to be free during the 50ms program time per 
address. The Data Input/Output Buffer should be 
of the bi-directional type to allow both program*! 
ming and data verification. 

The start control activates the timing chain to gen- 
erate the required addi^ md data setup and hold 
times, as well as tim-pi^igmti pwlse. 

The program timer latches the address aK6| data in- 
puts stable and raises CS to Vjh, while the address 
and data setup timer delays the start of the program 
pulse for at least 2jus, which is the minimum re- 



Table V. 2716 A.C. Programming Characteristics. 

Ta = 25°C ±5°C, = 5V ±B», \fmf^ 26¥ 41V 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 




tAS 


Address Setup Time 


2 






lis 




tcss 


CS Setup Time 


2 






/US 






Data Setup Time - — -y 


2 






MS 




tAH 


Address Hold Time 


2 






/JS 




tCSH 


CS Hold Time ' 


2 






/^s 




tDH 


Data Hold Time 


2 






MS 




tDF 


Chip Deselect to Output Float Delay 







120 


ns 


PD/PGM = VfL 


tco 


Chip Select to Output D6lif»?^~''''' 






120 


ns 


PD/PGM = ViL 




Program Pulse Width 


45 


SO 


55 


ms 




tpRT 


Program Pulse Rise Time 


5 






ns 




tPFT 


Program Pulse Fall Time ' 


■s 






ns 





NOTES: 1. Intel's standard product warranty applies only to devices programmed to specifications described herein. 

2. Vcc rnust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The 2716 must not be inserted 
into or removed from a board with Vpp at 25 -t 1 V to prevent damage to the device. 

3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be taken when 
switching the Vpp ajpply to provent overehoot exceeding this fl6V m«XNntiiii.|)|ii^^iqfi. j | 

Table VI. Approved Programmers. 





1602A/1702A 
Family 


2708 
Family 


2716 
Family 


3601 
Family 


3602/3622 
Family 


3604/3624 
Family 


Intel MDS-UPP-100 
Santa Qara, Calif. 


X 


X 


X 


X 


X 


X 


Data I/O Model V 
Issaquah, Wash. 


X 


' X 




X 


X 


-» •., 


Prolog Series 90 
Monterey, Calif. 


X 


Note 1 


Note 1 


X 


X 


X 


Spectrum Dynamics 

Series 350 
Burlington, Mass. 




^~i6te1 


ffote 1 


Note 1 


Notel 


Note 1 



Notel. ThteprogrammSiig^Udiipetiding'li 
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quired address and data setup time (tAS and tos)- 
The program pulse timer is activated by the falling 
edge of the address and data setup timer, and gen- 
erates the required 50ms program pulse. The falling 
edge of the program pulse activates the address and 
data hold timer, (2ps minimum) and the falling 
edge of the data hold timer resets the program 
times, releasing the latch on the address and data in 
buffers, freeing the system for either a verify cycle 
or a program cycle on another address. 



On board programming is also very easily imple- 
mented with the 2716, as the PD/PGM pin func- 
tions as a program inhibit, i.e., if a given device has 
CS high, Vpp = 25V, and PD/PGM low, it will not 
be programmed. A system showing how on-board 
programming could be implemented is shown in 
Figure 11. In the figure, device #4 will have 
address IFFh programmed with F4H, while the 
contents of address IFF iin devi<?es #1 , #2 and #3 
will be unaffected. 
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Fi|iire 10. 2716 Programmer Black Dragram. 
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Figure 11. 2716 On Board 
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2716 Mini Programmer 

Figure 12 presents the sdiemtlic tm a 171© 'pm- 
grammer whidi is based on the block diagram 
shown in the previous section. This programmer 
has been design approved by Intel, by 1i» &ms 
procedure used for commercial pro^iaminer mjuni^ 
factuiers. The programmer has several fissfms ttil 
make it useful for small development ItiMii 

Nfanual I 



Selecting any Hex address tibe f «$ite» infVt 
thumb wheel switches and iHitetilig it by depm^i^ 
the load button will cause the selected address to 
be displayed in Hex. The data is then entered by 
way of the 2 Hex thumb wheel data switches. 
When programming the data, the PROGRAM but- 
ton is depressed, the location indicated by the 
address display is programmed and the address 
incremented to the next sequential location. For 
verification a verify mode is included that will 
automatically slowly step through all addresses, 
allowing for manual, visual verification of the pro- 
grammed data. The rate at which it sequences 
through the addresses is adjustable, and can he 
started at any location by way of the ADDI^SSp^ 

INPUT and LOAD ADDRESS switches. 

I — 

Duplicate Mode 

By selecting the duplicate mode, a 2716 placed in 
the READ ONLY socket will be duplicate and 
automatically compared with a 2716 placed 
in the PROGRAM socket. After verification a 
green "PASS" or a red "FAIL" LED will indicate 
the completion of the program cycle. A blank 
check is not performed. 

The design described here does not include a power 
mppS^ design— the user must provide ^pro$>riate 
and +25 volt pom^^ssoMm -OimeBt re- 

^.'i J 



qniJtenSnts, as measured on piototype board, 

are about 1 A at +5V and 60mA at 25V. 

The design also includes a transistor switch to pre- 
vent hot socketing of the 2716. As was mentioned 
in the programming section, it is not permitted to 
install a 2716 in a socket with the +25 volts pre- 
sent: it must be switched on after the 2716 is in 
the socket and +5 v<^ is applied. 

ERASING 

Erasure begins to appear when the 2716 is exposed 
to light with wavelengths shorter than approxi- 
mately 4000 Angstroms (A). It should be noted 
that sunlight and certain types of fluorescent lamps 
have wavelengths in the 3 000^000 A range. Con- 
stant exposure to room level fluorescent lighting 
could erase the typical 2716 in approximately 3.5 
years while it would take approximately 1 month 
to cause erasure when exposed to direct sunlight. 
If the 2716 is to be exposed to these types of 
Ughting conditions for extended periods of time, 



be placed over the 2716 window to prevent unin- 
tentional erasure. 

The recommended erasure procedure for the 2716 
is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity x exposure time) for era- 
sure should be a minimtun of 15 W-sec/cm^. The 
erasure time with this dosage is approximately 20 
minutes using an ultraviolet hmp with a 12000 
pW/cm^ power rating. The 2716 should be placed 
within one inch from the lamp tubes during ex- 
posure. Some lamps have a filter on their tubes 
and this filter should be removed before erasure. 

The 2716 should not be under bias during erasiae 
as current paths exist that will effectively cw^ 
the energy being provided by the UV lii^t. 

UV Sources 

There are several models '^tltt^ Bfi^ that can be 
used to erase 27l€'s Tii^ VtO. The model 
numbers in the 'Mk to Imps manufactured 
by Ultra Violet Products of San Gabriel, Calif. 
In addition there are several other manufacturers, 
-i^dmg Data I/O, PRO-LOG, Prometrics, and Tur- 
Designs. The individual manufacturers should be 
consulted for detailed product descriptions. 



Table VII. 


Z716 Erase Time. 








REQUIRED TIME FOR 


MODEL 


POWER RATING 


INDICATED DOSAGE 






15 W-sec 






2716 


R-52 


13000/*V/cm' 


19.2 min 


S-52 


12000AiW/cm^ 


20.7 min 


S-68 


12000/JW/cnn^ 


20.7 min 


UVS-54 


5700MW/cm' 


43.8 min 


UVS-1 1 


5500MW/cnn^ 


45.6 min 



According to the manufacturers, the output of the 
UV lamp bulb decreases with age. The output of 
the lamp should be verified periodically to ensure 
that adequate intensities are maintained. If this 
is not done, bits may be partially erased vi^ic^ vnll 
interfere with later prHgwwl^^^ Hnd/of j^lMttatn 
at high temperature. i — 

For lamps other than ^osb listed, the erase time 
can be deteauMrtfti % lising a UV intensity meter, 
such as the Ultta Violet Products model J-225. 
When a meter is used, the intensity should be mea- 
sured at the same position (distance from the lamp) 
as the EPROMs to be erased. This will require careful 
positioning to insure that the sensor will receive 
the same amount of UV light that the vi^dow of 
the EPROM will receive. 

The sensors used with most UV intensity meters 
showed reduced output with constant exposure to 
UV light. Therefore they should not be perma- 
nently placed inside the erasure enclosure; they 
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Under Programming And Under Erasing 

It is possible to "under program" the 2716 the 
same as it is with the 2708, such that the cell char- 
acteristic crosses the sense threshold. The result 
is that the cell apparently drops or picks up bits. 
As can be seen in Figure 13, the threshold char- 
acteristic has been shifted such that small changes 
in voltage or temperature will cause a "1" or a "0" 
to be sensed. This is always the result of insuffi- 
cient erasing or programming. For programming 
to cause this problem, the device has only been 
partially programmed, and the characteristic curve 
has been shifted to the sense threshold point and 
the device will again seem to either pick up or 
drop bits. For erasure to cause the problem, the 
device has only been partially erased, such that the 
characteristic curve has only been shifted (right to 
left in the figure) to the threshold. 

The cure in either case is to: 1) adequately erase 
by providing the required 15 W-sec/cm^ of UV 
light at a frequency of 253 7A or; 2) program in 
accordance with the specifications. 
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Figure 13. Effect of Under Programming or Under 
Erasure 



2716 Mini Programmer 

The Mini Programmer shown on the previous pages 
has been design approved by Intel and can be built 
as shown, or portions of the circuit can be modi- 
fied to fit a specific user circuit application. 

Orcuit Description 

The Mini Programmer has several modes of opera- 
tion which are described below. 

Manual Program — Controlled by pushbutton 
switch S6, this mode allows the user to pro- 
gram the address displayed by the address 
input displays (L1-L3) with the data that is 
entered in the data input thumbwheels (S8 & 
S9). The desired address to be programmed is 
entered by way of the LOAD ADDRESS 
switch, S4. This transfers the contents of the 
address input thumbwheel switches (S1-S3) to 
the address input buffers and the address 
display LEDs, L1-L3. 

The desired data is entered in the form of 
two hexadecimal characters by way of the 
data input thumbwheel switches, S8 & 89. 
Prior to programming, the data output display 
will read FFh, indicating that the addressed 
location contains all highs, i.e., is erased. 

After the displayed address is programmed, 
the output display will momentarily display 
the contents of the programmed address, and 
then increment the address by 1 count, thus 
preparing the next sequential address to be 
programmed. Should other than the next 
sequential be desired, it is only necessary to 
dial in the new address and depress the LOAD 
ADDRESS pushbutton. 

Manual Verify — In order to assure the user 
that the correct data pattern has been entered 
in an entire program, a manual verify function 
has been included. In this mode, the address 
counter will slowly cycle through addresses 
starting with the address that was loaded by 
the LOAD ADDRESS switch. The rate at 
which the counter will cycle is controlled by 
R16, and should be set for convenient visual 
recognition of the programmed data. 

Duplicate Mode — Duplicate mode allows the 
contents of another 27 1 6 to be programmed 
into an erased device that is inserted in the 
program socket. Each location is programmed 
and verified, and the next sequential location 
is programmed. Upon completion, PASS-FAIL 
indication is provided by way of LEDs L6 and 
L7. 

Transistors Ql and Q2 provide for switching 
Vpp between 26 V and 5 V, while assuring that 
proper sequence and overshoot control is 
maintained. 
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Table VIM. 

IC1-3 

IC4 

ICS 

IG8,»,31 

tG7:1S 

1G16, 17 

ICt8 

ICt9 

1021 

l®22 

IC23-30 

Q1 

02 

B1 

R2 

R3 

R4-15, 

31-38 

Rt6 

R18 
R17 

R18 

R19 

R20 

R21 

R22 

R23 

R24 

R25 

R26 

R27, 29 

R28, 30 

CI, 6, 9-12, 

15, 17, 18 

C2, 4, 5 

C3 

C7 

C8, 14, 
C13 
C19 
S1-S3 
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2716 Mini Programnner Parts List. 

74177 4-Bit Counter 

7404 Hex Driver 

74279 Quad Set/Reset Latch 

Quad NANO 
Hex TrtStae Qriver 
Quad Exelu^ve 0R/NOR Qsm 
8-inpijt NANO 
Open Collector, High Voltage Driver 
ISrInput NAND 



7400. 
74367 
7413S 
7430 
7407 
74133 

74^ 

NE5B5 

M^U02 

2N3904 

3Ka 

820n 

27KSI 



Dual 4-tnput NANO 
Timer 
Transistor 
Transistor 
%W Resistor 
%W Resistor 
%W Resistor 
14W Resistor 



iMa 

im 

1MS2 

33KJ2 

51 Kn 

750Kn 

looKn 

lOKfi 

91 KSJ 

22Kn 

10KI2 

910Kn 

24Kf2 

20Kn 

O.OlAiF 

0.1 mF 

I.OaiF 

IOmF 

0.001 mF 

O.OSjiF 

0.005mF 



S4 
S5 

S6 

S7 

SB, S9 

PROM Sockets 

L1-LS 

L6 

L7 



Potentiomettr (VERIFY Cloeic Rate) 
%W Resistor 
%W Resistor 
Potentiometer 
!4W Resistor 
ViW Resistor 
%W Resistor 
54W Resistor 
%W Resistor 
ViW Resistor 
%W Resistor 
%W Resistor 
%W Resistor 
VaW Resistor 
%W Resistor 
ViW Resistor 
Capacitor 20 wvdc (min) 

Capacitor 20 wvdc (min) 
Capacitor 20 wvdc (min) 
Capacitor 20 wvdc (min) 
Capacitor 20 wvdc (min) 
Capacitor 20 wvdc (min) 
Capacitor 20 wvdc (min) 
(LSD-MSD): Address Input Switches 
(Cherry T-10 Thumbwheel) 
Address Load (Pushbutton) 
1 Hz Verify Clock SPST Switch 
Program Button (Pushbutton) 
Duplicate Mode SPST Switch 
(LSD-MSD): Data Input 
(Cherry T-10 Thumbwheel) 
Textool 24-Pin ZIP DIP 
TIL311 Hexadecimal Display 
MV5025 (Red LED) 
MV5253 (Green LED) 
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MOS ReiWr AND PROM' FAMILY 





Type 


No. 
of 
Bits 


Organization 


No. 
of 
Pins 


Output^''^ 


Maximum 
Access 
(ns) 


Maximum 

Power 
Dissipation 
(mW) 


Operating 
Temperature 
Range 

CO 


Power 
Supply 
(V) 


N GATE 
ROM 


2308 


8192 


1024x8 


24 


T.S. 


450 


840 


to 70 


5V±5% 
12V ± 5% 
-5V ± 5% 


O v> 
OO 
— ^ 


231 6 A 


16384 


2048x8 


24 


T,S- 


850 


515 


to 70 


5V ± 5% 


SIL 


2316E 


16384 


2048x8 


24 


T,S. 


IF 

450 


630 


Oto70 


5V + 10% 




1702A 


2048 


256x8 


24 


T.S, 


1(JS 


885 


ptoTO 

T 


5V± j% 
-9V + 5% 




1702A-2 


2048 


256x8 


24 


T.S. 


650 


959 


OtoTO 


5V±5% 
-9V ± 5% 




1702A-6 


2048 


256x8 


24 


T.S. 


1.5 ps 


885 


to 70 


5V ± 5% 
-9V - 5% 


E MOS PROM 


M 1 702 A 


2048 


256x8 


24 


T S 




960 


-00 lo luu 


ov ± iutw 
-9V±10% 


1702AL 


2048 


256x8 


24 


T.S. 


1 


221 


to 70 


5V ± 5% 
-9V ± 5% 


1702AL-2 


2048 


256x8 


24 


TS. 


650 


221 


0to70 


5V + 5% 
-9V ± 5% 


SILICON GAT 


2704 


4096 


512x8 


24 


T.S. 


450 


800 


to 70 


5V ± 5% 
12V ± 5% 
-5V ± 5% 


2708 


8192 


1024x8 


24 


T.S. 


450 


800 


to 70 


5V ± 5% 
12V + 5% 
-5V ± 5% 




2708-1 


8192 


1024x8 


24 


T.S. 


350 


800 


Oto 70 


5V±5% 
12V + 5% 

-5V + 5% 




M2708 


8192 


1024x8 


24 


T.S. 


450 


750 


-55 to 100 


5V ± 10% 
12V ± 10% 
-5V + 10% 




■ ma 


-1^8* 


- 20^(» — 


24- 




»- 460 


525/1^'*' 







N0*ss^;t„Q,!C. and TS are open coHe«!j^ S«dM»reeNs^ . .;■ , ■ 

' urt^stt respectively. •• ~ - — — r 
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' BIPOLAR PROM FAIMlUr^ V 



Type 


No. 
of 
Bits 


Organization 


No. 
of 
Pint 


Oulputf 


Maximum 
Access 
(ns) 


Maximum 

Power 
Dissipation 
(mW) 


Operating 
Temperature 
Range 

CO 


Power 
Supply 
(V) 


3601 

3601-1 
3621 

3621-1 


1024 


256x4 


16 


O.C. 


70 


685 


0to75 


5V±5% 


1024 


256x4 


16 


o.c. 


50 


685 


0to75 


5V ±5% 


1024 


256x4 


16 


T.S. 


70 


685 


Oto 75 


5V± 5% 


1024 


256x4 


16 


T.S. 


50 


685 


0to75 


5V ♦ 5% 


M3601 


1024 


256x4 


16 


O.C. 


90 


685 


-55 to 125 


5V iSKi 


3602A 

3602A-2 
3602 
3622A 

3622A-2 
3622 


2048 


512x4 


16 


O.C. 


70 


735 


Oto 75 


5V ± 5% 


2048 


512x4 


16 


DC. 


60 


735 


to 75 


5V + 5% 


2048 


512x4 


16 


O.C. 


70 


735 


to 75 


5V ± 5% 


2048 


512x4 


16 


T.S. 


70 


1735 


to 75 


5V ± 5% 


2048 


512x4 


16 


T.S. 


60 


735 


to 75 


5V ± 5% 


2048 


512x4 


16 


T.S- 


70 


735 


to 75 


5V ±5% 


3a04A 

3604A-2 
3604AL 
3604 
3604-4 
3604L-6 
3aS4A 
3e24A-2 
3624 
3624-4 


4096 


512x8 


24 


o.c. 


70 


998 


to 75 


5V ± 5% 


4096 


512x8 


24 


O.C. 


60 


998 


to 75 


5V ± 5% 


4096 


512x8 


24 


O.C. 


90 


630/10512) 


to 75 


5V ± 5% 


4096 


512x8 


24 


O.C. 


70 


998 


Oto 75 


5V ± 5* 


4096 


512x8 


24 


O.C. 


90 


998 


to 75 


5V + 5% 


4096 


512x8 


24 


O.C. 


90 


735/240(21 


Oto 75 


5V + 5% 


4096 


512x8 


24 


T.S. 


70 


998 


Oto 75 


5V + 5% 


4096 


512x8 


24 


T.S. 


60 


998 


Oto 75 


5V + 5% 


4096 


512x8 


24 


T.S. 


70 


998 


Oto 75 


5V ± 5% 


4096 


512x8 


24 


T.S. 


90 


998 


Oto 75 


5V + 5% 


M3604 
M3624 


4096 


512x8 


24 


O.C. 


90 


1045 


-55 to 125 


5V ± 10% 


4096 


512x8 


24 


T.S. 


90 


1045 


-SS to 125 


5V ± 10% 


3605 

360S-2 
3625 
3625-2 


4096 


1024x4 


18 


O.C. 


70 


787 


Oto 75 


5V+ S% 


4096 


1024x4 


18 


O.C. 


60 


787 


Oto 75 


5V + 5% 


4096 


1024x4 


18 


T.S. 


70 


787 


to 75 


5V + 5% 


4096 


1024x4 


18 


T.S. 


60 


787 


Oto 75 


5V±5% 


3608 

3608-4 
3628 

3628-4 


8192 


1024x8 


24 


O.C. 


80 


908 


Oto 75 


SV±5% 


8192 


1024x8 


24 


O.C. 


100 


998 


to 75 


5V ± 5% 


8192 


1024x8 


24 


O.C. 


80 


998 


Oto 75 


5V ±5% 


8192 




24 


O.C. 


100 


998 


Oto 75 


5V±5% 



Notes: 1. O.C. and T.S. are open collector and three-stste 
output respectively. 
2. The 3604A1. and 3604L-6 have a low power 
dissipation future. 



BIPOLAR PROli G«^SS 



Part 
Numfaar 


Pr^and 
Manufacturar 


Organiutiofi 


Intel Part ^ 
Diract 
Raplacamant 


umber 
For Naw 
Dasigns'^^ 


1024-4 

1024A-2 

1024A-6 


HPROM-Harris 
HPROM-Harris 
HRPOM-Harri! 


256 x4 
256x4 
256x4 


3621 

M3601 

3601 




27S10C 

27S10M 
27S1 IC 
27S11M 


AMD 

AMD 
AMD 

AMD 


256 x4 

256 x4 
256 X 4 
256 X 4 


3601 

M3601 

3621 

M3621 




5300-1 

5340- 1 

5341- 1 


MMI 
MMI 
MMI 


256 X 4 

512x8 
512 X 8 


M3601 
M3604 
M3624 




54S387 
54S387 


SN-TI 

DM-Nationai 


266 X 4 
256 X 4 


M3601 
M3601 




5803AC 
S603AM 
S604C 

5605C 
5623C 
5624C 
562SC 


IM— Intersil 
IM-lntersil 
IM— Intersil 

IM-lntersil 
IM-lntersil 
1 M— Intersil 
1 M — Intersil 


256 X 4 
256 x4 
612x4 

512 X B 
256 X 4 
512 X 4 
612 X 8 


3601 

M3601 

3602A 

3604 A 
3621 
3622A 
3624A 




6300- 1 

6301- 1 

6305- 1 

6306- 1 

6340- 1 

6341- 1 

6352- 1 

6353- 1 

6380- 1 

6381- 1 


MMI 

MMI 

MMI 
MMI 
MMI 
MMI 
MM 
MMI 
MMI 


256 x4 
256 x4 
512x4 
512 X 4 
612 X 8 
512 X 8 
t«®4x,4 
1034x4 
1024 x8 
1024 X 8 


3601-1 
3621-1 
3602A-2 

3622A-2 

3604A 

3624A 

3605-2 

3625-2 

3608 

3628 




74S287 
74S287 
74S387 
74S387 
74S472 
74S473 
74S474 
74S475 
74S570 
74S571 


SN-TI 

DM-National 

SN-TI 

DM— National 

Tl 

Tl 

Tl 

Tl 

National 
National 


256 X 4 
266 X 4 
266 X 4 
296x4 
512x8 
512x8 
512 X 8 
512 X 8 
512x4 
512 x4 


3621-1 
3621 1 
3601 -1 
3601-1 

3624A 
3604A 
3602A 
3622A 


3624 
3604 


7573 


DM-National 


256 X 4 


M3601 




7610- 5 

7611- 5 

7620- 5 

7621- 5 
7640-2 

7640- 5 

7641- 2 

7641- 5 

7642- 5 

7643- 5 

7644- 5 


niVI — Harris 
HM-Harris 
HM- Harris 
HM-Harris 
HM-Harris 
HM-Harris 

HM-Hifrrs 

HM-Harris 
HM-Harris 
HM-Harris 


256 X 4 
256 x4 
256 x4 
512 X 4 
512 X 4 
512x8 
S}2 X 8 
512x8 
512 X 8 
1 024 X 4 
1024 x4 
1024 X 4 


3601-1 
3621-1 
3602A 
3622A 

3604A 

3624A 

3605 

3625 


M3601 

M3604 
M3634 

3625 









Intel Part Number 


Part 


Prefix and 


Organization 


Diract 


For New 


Numfaar 


Manufacturar 


Replacement 


_ . (1) 
Daaigns* ' 


82S115 


N— Signetics 


S»2«8 




3624 


82S11S 


S— Signetics 


513x8 




M3624 


82S126 


IM -Signetics 


256 X 4 


3601-1 




82S126 


S-Signetics 


256 X 4 




M36C1 


82S129 


N— Signetics 


256 x4 


3621-1 




82S130 


N— Signetics 


f12x4 




3602 


82S131 


N— Signetics 


512 X 4 




3622 


823 140 


N— Signetics 


512 X 8 


3604A 




82S141 


N— Signetics 


512 X 8 






82S1 36 


N — Signetics 


1024 X 4 


3605-2 




82S1 37 


N— Signetics 


1 024 X 4 


3625-2 




82S180 


N— Signetics 


1 024 X 8 




3608 


82S181 


N— Signetics 


1024 X 8 




3628 


8281 84 


N— Signetics 


2048 X 4 




3608 


82S185 


N— Signetics 


Z04tJ X 4 




3628 


8573 


DM— National 


256 x4 


3601 




8574 


DM-National 


266 X 4 


3621 




87S295 


National 


512 X 8 


3604A 




87S296 


National 


512 X 8 


3624A 




93416C 


Fairchild 


256 x4 


3601 




9341 6M 


Fairchild 


256x4 




M3601 


93426C 


Fairchild 


256 X 4 


3621 




93436C 


Fairchild 


512 x 4 




3602 


93438C 


Fairchild 


512 X 8 




3604 


93438M 


Fairchild 


512 X 8 




1 M3604 


93446C 


Fairchild 


512 X 4 




3622 


93448C 


Fairchild 


512x8 




3624 


93448M 


Fairchild 


512x8 




M3624 


934^C 


Fairchild 


t^x4 


3606''2 




93i«B36 




1024 x4 






NOTE: 1. 


The Intel® PROMs 


have the same p 


n configuration 


and differ 



only in access time from the PROMs in the first column. The 
.sx(««)tient«« tht'fiSSIIt, 6^1 ^S^l 15. and 83&1j8«ii8e wWcti 

'hii«-M«Wii''Piii'ei9ffNi9utatltN». 
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!»«l litel® 2416 is a 16,384 word X 1-bit CCD 
seiM aaemory designed for very low-cost memory 
applications. The memory is configiired as 64 in- 
dependent recirculating shift registers of 256 bits 
each . Access to any one of the 64 internal shift reg- 
isters is done by applying the appropriate code to 
the 6 address inputs. The 2416 is fabricated using 
Intel's advanced high voltage n-channel silicon gate 
MOS process. 

The 2416 memory device utilizes the simple surface 
channel structure and inherent very high density of 
a charge coupled device. This, in addition to a 
imique memory organization, provides an extremely 

versatile, dense and reliable memory unit. The pur- 
pose of this application note is to provide the system 
design engineer with an insight into the organization, 
structure, technology and operation of the 2416 
device. ' ' " ' ■ ' .• . .. 

■ ,/ • , ■ ■ ■ 

TMs application note is divided into three major sec- 
tions: 1). Internal device organization, operation 
and specifications; 2). Device operation in a system; 
and 3). System organization examples. It is particu- 
larly important to users unfamihar with the 2416 
to carefully review the first section on organization 
and operation. A thorough understanding of the de- 
vice will increase the versatility of the device to the 
user. 

Information is also presented on interfacing clock 
and control signals to the 2416 in a system environ- 
ment. Several specific applications aie shown to il- 
lustrate the versatility of the 2416. 




Aji-Aj ADDRESS INPUTS 


Ce CHIP ENABLE INPUT 


D,„ DATA INPUT 


OyO^ IXD CLOCK INPUTS 


WE WRITE ENABLE INPUT 




CS CHIP SELECT INPUT 





Figure 1. 2416 Pin Configuration. 



- CE INPUT 

- CS INPUT 



2416 INTERNAL ORGANIZATION AND 

OPERATION 

The 2416 operates with the industry standard power 
supplies for memory components; Vdd = 12.0V 
and Vbb ~ -5.0V. The output is implemented with 
an open drain device which allows OR tieing of the 
outputs. For TTL operation the output pin is usually 
tied to a resistor which is returned to Vcc (+5V). 
The pin configuration for the 18 and 22 pin versions 
of the 2416 are shown in Figure 1. 

botti stslal and random ami^ meinory ftuidhom. 
Mlibmm in Figure % {66-2416 is arranged as 64- 
2S6^ btt charge couple deinige (CCD) shift registers. 
The data in these registers is simultaneously shifted 
by exercising the four-phase clock signals <p i through 
^4. A0Me«<ditt ^<#e', each of the 64 CCD registeas 
CEffl be SeleiSted fof .ah In (I/O) funCtidn 

by applying the appropriate 6-bit address code and 
applying cenable, chip select and write-enable sig- 
nals in the required manner. 



Figure 2. 2416 Block Diagram. 



The flexibility of the 2416 internal memory organi- 
zation in memory systems applications cannot be 
overemphasized. It is necessary for the designer to 
have a clear understanding of this organization to be 
able to take maximum advantage of the capability 
of the 2416. 

The organization of the 2416 is most easily seen by 
referring to the diagram in Figure 3. In this diagram, 
the CCD is visualized as a cylinder comprised of 64 
"tracks" (representing the 64 CCD recirculating 
shift registers) with each track divided into 256 
"sectors" (representing the 256 CCD data storage 
cells). The "rate of rotation" of the cylinder is con- 
trolled by the four-phase clocks and is in the Erec- 
tion indicated by the "^hSt A^ecUeef'^'aiteMf shown 
in Figure 3. (Note that'Sife 'tevtf-phAse'cl8cS8f»ays 
shift the cylinder in the same direction. The clocks 
cannot be manipulated to reverse the shift direc- 



iq.1 
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Read/Write capability in the CCD is perfarmed by 
64 bi-directional data buffers (one data-buffer per 
track). These buffers are located in position A shown 
in Figure 3 as the shaded column. The cylinder is 
considered to rotate through the buffers so that 
each shift of the cylinder (controlled by the four- 
phase clocks) places the next sequential sector of 
each track "in" the buffer. The buffers shown in 
column A also provide a refresh function to each 
cell in addition to performing read/write functions. 
(Note that an additional refresh-only buffer is shown 
in column B of Figure 3. These buffers are located 
half way around the cylinder as shown.) 



. OEFRESH BUFFER 
(OPPesiTE SIDE OF CYLINDEW 




COLUMN OF 64 
READ/WRITE/REFRESH 
BUFFERS (1 PER TRACK) 
"NON-SHIFTING" 



CONTROLLED BY 
ADDRESSES 



CONTROLLED 
- BY FOUR-PHASE 
CLOCKS 



Figure 3. Symbolic 241 6 Organization. 



Two basic addressing methods may be used to store 
data words in tiie 2416: 

1. In a given sector- 

2. Around a given track. 

In the first method, the desired word is accessed by 
shifting the cylinder (using the four-phase docks) 
until the sector (0-255) containing the word is co- 
incident with the read/write buffers (shown as col- 
umn A). The word is then accessed one bit at a time 
by addressing the appropriate track with addresses 
A0-A5. An example of this addressing technique is 
shown as the four bit memory word N shown in 
Figure 3. The second addressing method places a 
word sequentially around the cylinder in a given 
track. Access to a particular word requires both a 
four-phase clock shift followed by a data access 
cycle for each bit of the word- (Note that for this 
case, A0-A5 do not change once the desired track is 
accessed.) .An example of this addressing technique 
is ^rawn 'as four bit memory word M in Figure 3. 

Because ctfsyst^ addieanag^problems it is not gen- 
eiaUy dearable to ctmbine tte two addr^sing meth- 
ods at once (altfaou^ it is c«tainly possible). As is 



shown in the Systems Consideialioi^ section, ad- 
dres»ng metiiod 1 (sector addressing) is usually the 
more preferable technique. A major advantage of 
this data organization is the low four^i^iase clock 
driver power required to achieve tbe maximum serial 
data transfer rate of 2 megabits/sec firom a single 
2416. In most serial applications, the four-phase 
clock signals are only required to operate at less 
than 55 kHz rate to obtain a 2 MHz I/O data rate. 
This is because the four-phase clocks are used solely 
to shift/refresh data and are not used to perform 
input/output functions. For each shift of the clock, 
64 "new" data bits are available in the 64 internal 
data registers for access through the address, chip 
enable and read/write control signals- These data 
control signals have a low input capacitance which 
makes them very easy to drive. 

-An alternate method of visualizing tihe organization 
of the 2416 is shown in Figure 4. Tliis diagram is 
derived from the cylinder shown in Figure 3 by 
imagining that the cylinder is cut along the line 
marked C (between sector and 255) and laying 
the cylinder out flat as shown in Figure 4. 
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Figure 4. Planar View Symbolic 241 6 Organization. 



CCD Structure 

There are two common CCD types referred to as 
surface channel and buried channel. The surface 
channel is characterized by the storing and trans- 
ferring of charge (data) along the surface of the sub- 
strate. The buried channel type, because of addi- 
tional substrate doping, stores and transfers the 
charge (data) further into Ihe bidk of'llie substrate. 

The primary differences in characteristics between 
the surface chatmd and buried channel tMt.tiie 
surface channel has: (1) higher total charge carry- 
ing capability, (2) lower charge transfer efficiency 
at extremely fai^ charge transfer rates. (However, 
it is noted that the loss of charge transfer efficiency 
occurs at a frequency much hi^er than the maxi- 
mum shift frequency of the 2416.) (3) simpler &b- 
ricalion process. CJiarge tPi^fexefficMaicy,^ number 
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2 above, is defined as the percentage of the total 
charge packet (data) which is actually shifted or 
transferred per shift (the efficiency is l^jHcally 
greater than 99.9% per shift). 



The 2416 internal memory array i8-|^4ai^»d of 
four-idiase si)rla4e ^am^ jEfa^je-e^jied tlms^ 
tures. The CdQ ■.s^i^Mmm'mdotm$& by ii ■smke» of 
HOiS4w^^8^^#^^<^^<^ placed 8^ dumm ia 
W^gum e.^ete that ttiliSe'MOS devices do not have 
tihe source/drain diffusions usually associated with 
other^OS structures. Figure 5(a) is the top view of 
the storage array and illustrate ^^l^ eloek pteigeit 
are laid out perpendicular to the ^ift renter chan- 
nels. Electrical isolation between shift register cham- 
nels is obtained by channel stop diffusions and thick 
film oxide methods. Data input/output connections 
to the registers are obtained from n+ diffusions at 
tiie ends of Hie x e^fbm. < 

CCD STORAGE ARRAY 



(a) 



TOP VIEW 



^) aDEVIEW 

Figure 5. CCD Storage Array Layout. 



Data Storage 

The CCD stores data in the form of charge, as do all 
dynamic MOS memory devices. Indeed, in many re- 
spects the storage mechanism of the 2416 is very 
similar to the 4096 bit random access memories 
implemented with sin^e transistor cells (such as 
Intel's 2107B). The storage element is most easily 
understood if it is considered to resemble a "po- 
tetiM This potent ^ fcttme^^^^ii 
poriMs^ witage p0t^tiai jg t^>^M''M^''"~"" ' 

aaA tcmsg w^tlegii<ii^pU&on aiea iitider It; Ms 
depleted regiom -tte dapabUi^ of acceptii^<s^ 
storing a negative charge packet as long as the gate 
'forming the well remains sufficiently positive witii 
respect to the substrate. 



The CCD structure is inherenUy dynamic and there- 
fore must be refreshed periodically to maintain 
data. The dynamic nature of a CCD device is the 
result of thermally generated carriers (traditionally 
called "dark current effect") which acts to fill an 
uncharged potential well with charge thereby chang- 
ing that particular cell's lo^c state. 

Data Transfer 

Figiire 6 shows the relationship between the 2416 
four-phase clock sequence and the CCD data storage 
and transfer mechanism. 

The position of potential wells relative to the four- 
phase clock levels is shown in Figure 6(a). When the 
clocks are sequenced in the manner outlined in Fig- 
ure 6(b), the potential wells generated provide a 
"low impedance" path for the charge packets to 
follow. I. .. 

. -lit th ' 

— .'S,:-, — ^ • « Ri. , 

CCD OPERATION '■' 



B- 



\ / 



C 



(a) 



(b) 



V 



-1ST SHIFT CVeU- 



■ ha-. 



mnmjA, M1l8CMHg»Ti»n#(rM*ehan 

age 'well is assumed to conMh efas intemally in- 
jected charge packet. The origte4^ ^tocharge packet 
will be discunsedMs. s(^#n« B>, tote ^ and ^ 
gates are hi^^'^td' afi!' a^S^onal Storage well is 
tcMrmed in the substrate under the 04 gates. Note 
that the storage wells under the 04 gates do not now 
oonUira clbatge psetete. M time 0, 02, and ^4 
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gates are all high which forms 03 storage weUs over- 
lapping both the <j>2 and 04 storage wells. Thus a 
continuous storage well is formed from the 02 gates 
to the 04 gates which allows charge packets under 
02 gates to disperse throughout the charge wells of 
all three gates. At time D, the 02 gate goes to a low 
level eliminating the storage well under it. This 
forces the charge packet into the remaining storage 
wells under the 03 and 04 gates. At time E, the 
charge transfer is complete when the 03 gate voltage 
goes low which forces the charge packet into the 
remaining storage well under the 04 gate. The charge 
packet (data) has now been shifted by one bit 
position. Note that the shift execution time shown 
in Figure 6 is the time that data is being shifted as 
defined by periods B, C, and D. 
Applying clocks in the above manner (03 shift) re- 
sults in a parallel 'shift of all data. Another shift 
cycle can then begin by utilizing 0i and 04 (0i 
shift) tiius completing a full cycle on the four-phase 
clocks. The shifting mechanism using the 0i and 04 
clocks is identical to tliat described for the 03 and 
02 clocks. 

CCD Internal Data Interface 

Each of the 256-bit CCD shift registers is com- 
prised of two 128-bit registers. Each of the two 
128-bit registers is further multiplexed into dual 
64-blt registers (making the 256-bit register a quad 
64-bit register). This allows data operation on either 
01 or 03 shift. A simplified diagram of ap_ internal 
256-bit register is shown in Figure 7. 

Data is written into the internal CCD register by 
the Write Data Amplifier which either injects or re- 
moves charge from the N+ regions as shown in Fig- 
ure 7. The data will then be multiplexed through 
register 1 or register 2 (in each 128-bit half) depend- 
ing on the state of <j>\ and 03. A read of the data is 
performed in a similar manner except the N+ region 
is either charged or discharged by the state of the 
CCD cell adjacent to the buffer. Data is read from 
either register 3 or register 4 depending on the state 
of 01 and 03 . A sense amplifier, connected as shown, 
senses the state of the data after it {lasses throu^ 
ISie refresh amplifi^. 

Data Refresh 

As shown in Figure 7, each of sixty-four 256-bit 
shift registers is arranged as four 64-bit shift regis- 
ters (as far as refresh is concerned) connected by an 
inverting refiresh amplifier at each end to form a 
continuous data loop. Therefore, it requires 128 
shift cycles (clock {diases 1 through 4) to eom- 
pletdy refresh the memory. The refresh amplifiers 
j^gcve to restore the integrity of the data charge 
Jt^^tdsh is reduced tiiroi^ the dark cunrent effect 
ijeiA. tansfei inheieat in Ite CCD staic- 
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Figure 7. Simplified Diagram 2416 256-Bit Register. 



ture. The refresh amplifiers shovm on the right side 
of the array in Figure 7 include an input/output 
gating function controlled by the address decoders 
and write enable lines. These refresh amplifiers 
serve as read/write amplifiers to the agkoeiatal 256- 
bit channel. 



2416 DEVICE SPECIFICATIPNS. 
D.C. Characteristics 

The D.C. and Operating characteristics of the 2416 
are shown in Table I. Although the table is self ex- 
planatory, several items (marked as (3) in Table 1) 
deserve special attention. First, note that the maxi- 
mum average Vdd supply current (IddAV) is very 
low (25mA max.) at minimum cycle timing. This 
results in very low device power during operation 
at maximum data rate or shift rate. IddaV is in- 
versely proportional to the cycle time of shift or 
data access cycles. 

Hie input lev^ for the four-phase clocks (Vilc, 
V]HC1> V1HC2) show the mar^ available for dock 
drivers and for the conteol inputs (addresses, read/ 
write, chip enable, etc). Badi of tiiese Iniits inU be 
discussed in detail in the Systems Considerations 
section along with iimet desi^is whidi meet the 
2416 mput requirements. v 



Table I. 2416 DjC. alW Ci0enting CharacOritties: tA^tfC to 7<fc Vdd=+i 2v ±5%, Vbb'II =-5V ±5%, Vs^V,unlessothew»t»spa^iBd. 



Syifibol 




Min. 


, Max. 


Unit 




'LI 




10 


uA 


Vim = OV 


Ilo 


Output Leakage Current 


10 


ma 


CE = OV, VouT = OV 


'ddi 


Standby Vqq Supply Current 


2 


mA 


CE = OV,02= Vdd,04 = OV 
(or 02 = OV,04 = Vdd). 

/n —tK — n\/ 


'ddav'-" 




25 


~mA~ 


iviiiiiiTluni i^ycR! 1 lln||3|| 


'BB 


AvBrsQS Vbb Supply CurrBnt 


200 


If A 




V|L1 


Input Low Voltage, all Inputs 
except D|fsj and 0^ ... 04 


-1.0 


0.8 


\/ 




V|Hi[31 


Input High Voltage, all Inputs 
except Din and 0i ... 04 


Vdd-1 


Vdd+1 


V 






01 ... 04 Input Low Voltage 


-2.0 


0.6 


V 


Note 2 


V|HCll31 


01 and 03 Input High Voltage 


Vdd-1. 


Vdd+2 


V 




V|HC2'31 


02 and 04 Input High Voltage 


Vdd -.6 


Vdd+2 


V 




ViLD 


Difyj Input Low Voltage 


-1.0 


0.8 


V 




V|HD 


D|M Input High Voltage 


3.5 


Vdd+1 


V 




lot 


Output Low Current 


3 


mA 


Vol = -45 V 


•oh 


O^^tWldh Current 


10 


ma 


VoH = +5V 



NOTES: 

1. The only requir^i^nt for the se(;;uence of applying voltage to the device Is that Vqq and Vgg should never be 0.3V 
more n^aikisitiaii Vbb- 

2. The difference in tile low level reference voltages between all four clock phases must not exceed 0.5 volts. 

3. See Text. 

4. Combined shift and Data r/0. For shift only mode ioo = 2.0 1-15/(^2 (t0/2 is in iiaac). 



DatirCydes 

The 2416 has two basic modes of operation: (1) data 
and (2) shift. In normal operation, the 2416 will 
use both of these modes. For clarity, however, the 
data mode will be treated separately from the shift 
mode. In the following sections, the discussion will 
describe writes, reads, and read-modify-writes to the 
2416, before or after a shift operation has been per- 
formed. Figure 8 shows a detailed block diagram of 
the 2416 as it relates to data I/O cycles. 

Wsn^tlM ' - ,• ' ■ ■■' 

The write cycle of the 2416 is explained with the 
aid of the diagram of Figure 9 and term definitions 
shown in Table II. 

As shown in Figure 9, write cycles may only be per- 
formed after a delay time (txc) from the trailing 
edge of 01 or 03 and continue until a time tpp 
prior to the leading edges of 04 or 02. During the 
intervals between, 0i and 04 or 03 and 02, the data 
is not shifted and remains stationary in the 256 dis- 
crete locations of each of the 64 diift legisteis. 
Any of ttie 64 regigt^ input/output bnftos can be 



aee^sefftltiJlnglBfe ttme ttirou^ addfesses A0-A5 
and chip enable. 

After the address lines are stable and chip select 
(CS) signal is high, a write cycle can start with the 
leading edge of the chip enable (CE) pulse. The CE 
and CS signals trigger an internal timing generator 
which generates internal enable and precharge sig- 
nals to the address decoders and data-in buffers. 
The addresses are then decoded to activate one of 
the 64 decode lines which in turn enables the write 
amplifier for the selected channel. The write enable 
signal (WE) is then set to a high state after the data- 
in signal is stable (tow ) and the CE to WE set up 
time (Tew) has lapsed. The write enable signal en- 
ables the data-in buffer which in turn gates the in- 
put data to the selected write amplifier (WRT) via 
the data-in bus line. The selected write amp stores 
the data in the form of a charge "packet" at the in- 
put bit location of the selected buffer register (see 
• *iBo Intemal Data Interface section). By selecting 
new address combinations and qiaintainiQg the chip 
enable off time requirement (tcc). additional data 
bits cm be stor^ ip lite ottier registers before a new 
diift exeeuMon t^<^ (1^/2) is required. 
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Figure 8. 2416 internal Detailed Block Diagram. 



NOTE: CS MAY BE CONNECTED TO V„ 
IF NOT USED FOR EXTERNAL DECODE. 




fNumllirt M PRnMhun an ter minimuin eyd* (imlng In IV.) 

Figura 9> 241 6 Write Cycle Timing. 
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The read cycle timing (shown in Figxire 10 and Table 
II) is identical to the write cycle for the CE, ad- 
dress and four-phase clock inputs. The only dif- 
ference in operation between the read and write 
cycle is that the write enable (WE) signal must re- 
main at a low state. In a read cycle the data-in line 
is electrically disconnected from the internal cir- 
cuitry by a low level on the write enable input. Data 
is presented at the output pin at or before tco time. 

present at the read amplifier inf^, <|^-|nn 
the read amplifier selected by #te ail<kes$: dem^ 
is gated to the data-out buffer via tiie data-out bus 
line. The data-out buffer amplifies the stared data 
voltage level and provides an open drain output sig- 
nal from the memory device. The organization and 
CCD shift structure of the 2416 inherently con- 
tribute to a high internal signal-to-noise ratio at the 
data-out buffer as the result of the following: 

1. Relatively small number of shift cycles (128) 
required between refresh. (This compensates 
for transfer losses and provides a high input 
signal level to the sense amplifier.) 

2. nine CCD shift gtiructuze minimiges ^ Mt^- 
bcMmaetten l«a^t firom the cbita csdQ to 1h« 
lead amidifiets. 




Figure 10. 2416 Read Cyde Timing. 
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«WCY 


WRITE Cyde Time 


tPT 


^ On to 01 On Time, 04 On to 03 On Time 


tTD 


01 to 04 Overlap, 03 to 0^ Overlap 
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04 to 01 Hdd Time, 02 to 03 IHdd Time 


•«/2 


Half Clock Period for 0i . . . 04 


Tl 
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'T2 
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'DH 
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READ Cycle Time 


tCER 


CE On Time 
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tRWC 


READ-MODI FY-WRITE Cycle Time 




CE On to WE On 
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Reducing the line lengths reduces the RC time con- 
stant effect on the signals to the read amplifier. This 
allows the signal to switch through the threshold 
point of the amplifier at a very fast rate, thus pro- 
viding a very definite and easily sensed data-out 
signal. 

READ-MODIFY-WRITE CYCLE 

The read-modify-write cycle (RMW) shown in Fig- 
ure 11 (see Table II for symbol explanation) com- 
bines both a read cyde and a write cycle, but re- 
quires less than llie sum of the two cycle times to 
execute. The cycle time reduction is attributed to 
the condition that one, not two, CE off time inter- 
vals (Tec) is required for a RMW cycle. Another ad- 
vantage of the RMW cycle is that only one address 
hold time (tAH) is required. Control of the RMW 
cycle is up to the user in that on an individual cycle 
a RMW cycle may be initiated by a separate com- 
mand from the control logic (which extends the 
CE on time and delays the WE signal from the 
normal write time) or it can be performed on all 
data cycles. 

SHIFT ONLY CYCLE 

The previous section on Data Cycles outlined the 
timing requirements on the address, data, read- write 
and chip enable inputs necessary to perform a read 



or write operation. This section on diift-only cycles 
outlines tiie timing conditions on the four clock 
lines <j>i, <j>2, ^3 and 04 required to simu|MMW|F 
shift the 64-256 bit CCD registers. 

The shift only mode performs two basic functions: 

(1) "Searches" for data or blocks of data in the CCD 
registers (see Systems Considerations section) and 

(2) Sequentially shifts data through refresh ampU- 
fiers (see 2416 Internal Organization and Operation) 
to perform data refresh. 

The timing diagram for shift only mode operation 
of the 2416 is shown in Figure 12 with symbol 
definition shown in Table n. (Note that the timing 
diagram shown in Figure 12 is an extension of the 
description on charge transfer mechanism Figure 6.) 
As shown in Figure 12, a complete clock cycle (all 
four phases sequentially exercised) is given by: 

tcyc = 2 = t0 (1) 

(See Table II for definition of terms.) 
Note that a complete clock cycle actually shifts data 
two locations. 

A half clock cycle (t0/2) shifts the CCD register 
one location. The half clock cycle is composed of 
two parts: 

1. Shift execution time (tsx)- (See Figure 12.) 

2. Clock "low" (tTP). (See Table II.) 
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Note AAf ^^^'tWo'llitt'ei^craficant^^l^^'Abwi'lQ 
Figure 12 can be identical but are relative to dif- 
ferent portions of the four-phase clocks. For 
ample, the first shift execution tiaie'ti ^B^m$"ii- 
sociated vnth 0i, 02, 04 while tiie s^^tilld ffiffi 
execution time is associated with 4>z, 04 and 02- 

The time requu^ to shift data (slbijtt e3(^ut|^ 

time Is^y is i^^mJ^^' ,'■ ^ui.,''- 

(See Table U and Figure 12 for definition of 
terms.) 

The shift period, tgp, is given by: 

ta' = tsx+tTP = t^/2 (3) 
Where: 

tsx ~ shift execution time (equation 2). 
tTP = cloclc off to on time (Table II). 

(Note that the term tsp has been substituted for 
t^/2 in equation 3. The reasons for this will be evi- 
dent in the Systems Considerations section.) The 
minimum search cycle time is obtained by operat- 
ing the four-phase clocks at the maximum repeti- 
tion rate (for this case tgp is 750 nsec). The maxi- 
mum half cycle tism b^bwen clocks (for a sin^e 
shift cyde) is 900O'elliee'.'l%ffi maximimi cycle iUt^ 
is most often used for- refresh and ttxe 
maxinrinm data ratt^s. 

mwr/Mwrnm omAjmiFf cycm: ^- 

The preiiois sex^em'^mmeA-^-'ism'0i 
cy das of ^S3M~m Mpsaile: 

tkm dUsmmes Mte eombtoed operation 

and data cycleg. Data cycles may be UAWaXf^iHSi^ 



a mtoimum of tTc nsec from the completion of a 
shift execution (end of 0i, see Figure 10). Aft«:a 
^ift, tiie 64 internal data buffers may be accessed 
in any order by addresses A0-A5. The number of 
data cycles, N, which may be performed behreen 
shift execution times is dependent on tWo critaia: 

,^1. System addressing technique. 
2. Refresh rate. 

The number bf data cycles which can be performed 
between shift periods is simply the time available 
between shift cycles divided by the data cycle time. 
A simjple,ei:mc»^§n {cnr ^e niunber^.pf datoj?^cles 
aUowiAlle lElS^titaraK c§^»^ Ael^sBiammBy in- 
speeticHa from Fi^a»g 9, 10, or 11 and is expcessed 



-tTC +(tCC 



toe 



(4) 




Where: 

N — number of cycles between shifts 

tsx ~ shift execution time (see equation 2 
or Figures 9, 10, or 11) 

tTC , ttX3 . *Cr*~tsesTaM6 II or Figures 9,10, 

or 11) 

tDC ~ data cycle time (e.g. toe ~ tRCY for a 

Mm'Vl^tm'Mf^tmBrW^im^^ time islatiaiidup of 
'^1^ ^^mLi^^S^^Mm is'it ^ift cyde cannot 
be predicted, S% terra (toc 'tcap) in equation (4) 
equals zero. (W&t &m ease, tikt ma^rimmn nu»b«r 
•tt cycles is deammt-W^ffti^.} A poacMoal msid- 
mam (due to syatsmaiii^mm^omidmMoas) ci &ta 
cycles between shift periods is sixteen for a ^ift 
pmod of 9000 nsec. 
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DATA RATE 

Consider now the data rate for the following con- 

A. Maximum number of cycles between shifts. 

B. One data cycle per shift. 

1. Th« maximum data rate of 2 megabits/sec iS' 
obtained when the time between dock cycles 
is maximized and thfelnaiHinuin number of 
data cycles possible are inserted between these 
shift executions. As shown in Figure 10, tiiis 
rate is actually a maximum average data rate 
because of the shift execution intervals. (Re- 
call that during shift execution, no data cycles 
are permitted. Therefore, the maximum data 
rate is the average of the data rate during data 
cycles and a data rate of zero during shift 
cycles.) 

Clearly the maximum data rate is proportional 
to the shift period and approaches l/toc as 
the shift period tsp is increased. Also, as the 
shift period is increased the clock frequency 
is decreased resulting in lower clock driver 
power and hi^er data rates. (The significance 
pf ,th^ will be evident in the four-phase driver 
secticni.) 

2. Hie data rate is the sam^ as the shift execution 
rate when there is only one data cycle (N) be- 
tween shift cycles (see Figure 13). In this 
special case, clock driver power will increase 
as the data rate increases. (Remember that 
minimum driver power and maximum data 
rate occur when a maximum number of data 



cycles are perf armed. between diift p@riods, 

tSP-) 

SYSTEM CONSIDERATIONS 
Typical Applications 

The combined high density and high speed charac- 
teristics of the 2416 make this part ideal for use in 
many types of systems. Of particular interest to 
many designers are four general system categories 
where the 2416 is especially ideal from a cost/per- 
formance viewpoint. 

These categories are: - 

1. Drum replacement. 

2. Small "rotating" memory applications. 

3. Hi-reliability (ruggedized) "rotating" memory. 

4. Conventional shift register replacement. 

It is useful to Iniefly review each of the above cate- 

DRllM REPLACEMENT 

The 2416 has several significant system advantages 
over conventional mechanical drum assemblies. For 
example, the 2416 is an order of magnitude faster 
than a hi^ speed drum (average latency time of a 
2416 system is lOQ^isec); the 2416 system is more 
reliable since there are no mechanical assembli^ 
rotating at high speed; and the 2416 drimi type sys- 
tem is cost competitive and more compact than 
standard drum type systems. In addition, the ex- 
tremely hi^ data rate of a 2416 system can handle 
virtually any com^t^ data rate lequiremei^t., 




Figure 13. SMft/Single Data Cyda/Shift Cyd* Timini. 



2416 



SMALL "ROTATING" MEMORY APPLICATIONS 

The 2416 is very competitive in applications pre- 
viously favoring various types of rotating memory. 
The real strength of this CCD device is readily ap- 
parent in those types of applications requiring a 
relatively small amount of rotating memory. In 
these rotating systems the overhead cost of drive 
motors, sense heads and other peripherals signifi- 
cantly impact the overall cost per bit at the system 
level. For these systems the 2416 offers a significant 
cost advantage over conventional rotating memory 
devices. As in the case of drum replacement type 
memories, the 2416 is significantly faster than the 
small rotating memories it is designed to repltace, 

HI-REUABIUTY (RUGGEDIZED) "ROTATING" 
MEMORY 

Many applications for mass storage requiring a 
"ruggedized" rotating memory need significant at- " 
toltion paid to the mechanical mechanisms to as- 
tmm I'diable operation in a hostile mechanical en- 
iriij^nm^. A dear advantage of tbie.a416 is ite Ufk 
at tmy medMNd wtsaMx^ mettetei which iiflf^ 
to be TuggeiBmii. lids CCD demPfi offers hi^ den- 
sity and speed for most IB-iiHfi^ility applications 
requiring a mechanically rugged Stqi^|irt., , 

SHIFT REGISTER REPLACWEm 
Tte MMi em be used (as is lAiovm later in 

illdil aeel^m} m Oa« «Ky long shift roister (16,384 
■tii8»)oi:asiit 2664)it ditftt^^ters. In either case 
ilM d«aiii^ a^wattme of this CCD dei^ce < 
ventioma aMt legMegs k teacUIy a.p "" 
types of shift register apj^caiianS mefettie C&-^i^ 
play refresh and commiusticattons bufltt;s. M ;ttwae 
applications the advantages of speed and density 
are particularly evident. 

The previous sections detailed specific timing re- 
quirements and associated data rates of the 2416. 
In this section, examples of timing, control, and 
driver interface implementation for a memory sys- 
tem are discussed. 

Addressing Considerations and Control 

In the previous sections describing the internal or- 
ganization and operation of the 2416, it was pointed 
out that this CCD device has both a "sector" type 
address controlled by the four phase clocks and a 
"track" type address defined by addresses A0-A5. 
The location of specific "track" addresses is very 
strai^t forward with track zero defined by Aq 
through A5 equaling logic zero and track 63 de- 
fined by Aq through A5 equaling logic one, etc. 
However, the starting and ending "ae^mt" addpessis 
are not uniquely defined in the same mwa^ fm. Wie 
'%iiek" aMemea. na^ox^out tiiis ted^aa m AA- 
dcess^g QeoMimMiBm it AovM be i^mimlaemA 
tiiateantralcbraiitiy ftsr tiie foaz'^ptmm doeM TdWi^ai- 
contiOD loi^c eapaUe of "recalling" where Ihe pre- 



mously defined stiffttatg loeatl(« ne^ra ad- 

dresses is positioned and delewiiaing hem an^r 
shifts to iierform to reach a de^ed se^tac. tt k 
shown later in this section just how dmple sudl in- 
terface requirements are. In the following discussion, 
two basic types of control circuitry will be an- 
alyzed: 

%, Serial- memory applications (shift/single data 
cyde/diift). 

2. "Random" memory apfdicatimis (shift/multi- 
ple data/shift). 
(The "random" memory application is actually an 
extension of the serial mode to include search type 
operations.) 

SHIFT/SINGLE DATA CYCLE/SHIFT CONTROL 

A simple shift/single data cycle/shift control circuit 
Which has one data cycle per shift is shown in Fig- 
ure 14(a) and (b). Basic timing of the control cir- 
cuit is shown in Figure 14(a). The four-phase clocks 
(perfonning the shift) are shown in block form 
(tabeled as; shift execution time) wi& Vbt conea- 
ponding data cycle shown below. 

Operation is most easUy understood with the aid of 
the diagram shown in Figure 14(c). This figure il- 
lustrates the addressing and shifting sequence ap- 
phed to a 2416 operating in a shift/single data cycle/ 
shift mode as a 16K bit shift register. First a par- 
ticular CCD register (1 of 64) is accessed by ad- 
dresses A0-A5 and a read or write cycle performed. 
Then a shift is executed and the next CCD cell ac- 
cessed (data is moving from IAq to lAi as shown in 
Figure 14(c) (refer to Figure 4 for explanation of 
data sequencing addressing). This sequence is re- 
peated 255 times to access all of the cells in one of 
the 64 256-bit CCD registers. (Note that during 
this entire operation addresses A0-A5 have not 
changed.) After the entire 256-bit register has been 
accessed, the 2416 addresses are incremented (A+1) 
and the next internal register is sequenced in the 
same manner. 3^. entiiie operation is summarized 
as follows: 

•1. Access memory. 

2. Shift (four-phase clocks) once. 

3. Repeat 1 and 2 255 times then: 

4. U^^feiH^t 2416 addresses by 1 (A0-A5). 

5. Repeat 1 through 4 sixty-four times. 

As shown in Figure 14(b), a data cycle is begun with 
an initial pulse triggering a single-shot Si. The lead- 
ing edge of the single-shot output (Q) initiates a 
read or write to the 2416 at the address defined Vy 
Aq-A^. When the sin|^e-^ot times out, &ke t^Siag 
edgi^'^) lai^HS a iow#iase ^odc g^^tstK and 
increments the indec ceuiiter contt^img adajesges 

generator are Aown in Figure 16.) 
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(a) Timing 
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^ SEE FIGURE 16 
NOTES: 

1. NUMBER BITS PER WORD EXPANSION IS ACCOMPLISHED WITH 
ALL LINES PARALLEL EXCEPT THE Dl AND DO LINES. 

2. WORD DEPTH EXPANSION ACCOMPLISHED WITH ALL LINES 
PARALLEL EXCEPT FOR DECODED CE AND/OR CS LINI^ 



(b) Control Block Diagram 
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(c) Address Saqiience 



Figura 1'4; Control and Address Sequence Shift/Single data Cycle/Shift. 
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Address Expansion 

The control circuit shown in Figure 15(b) is easily 
expanded in the bit direction (e.g., 16K x 8) byad- 
dii% more 2416s and paralleling the addresses (Aq- 
Ag), four-phase dock, koA control input (R/W, CE, 
CS) line^ f irtt^r eispansion to 32K words is most 
easily done by using iim next hij^ ^er bit of the 
ilfdiiix eountiBar and genemtuog a select and s{dect 
si^ial whidi go to regpect^e OS inputs. Figiffe IS 
sho'ws a 64K x 1-bit configuration. (Other lines are 
paralleled as described.) 

SHlFT/MUliTWLE DATA/SHIFT CONTROL 

An expansion of the sliift/single data cycle/shift 
mode is the shift/multiple data/shift mode. It is 
this mode that is most often used in general system 
applications because of its ability to handle a wide 



variety of applications. This mode also includes the 
"search" mode requirement. 

A shift/multiple data/shift control interface is given 
in Figure 17. (The addressing sequence is given in 
Figure 18.) Note that in this implementation 16 
data cycles are performed between shift cycles. The 
relationship of data cycles to shift cycles is shown 
in Figure 17(b). 

Implementing control for the multiple data mode 
differs from the implementation used for the single 
cycle data mode (Figure 14) by simply changing the 
2416 address and shift initiate address connections 
to the index counter as shown. The multiple data 
mode control requires that, during a shift operation, 
the data cycle request line must be inhibited. (A 
method to "hide" the four-phase shift clocks so 
that the data cycles are not interrupted will be dis- 
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Figure 16. Four-Phase Clock Generator Circuit. 
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NOTES: 

1. WORD EXPANSION ACCOMPLISHED WITH ALL LINES PARALLEL 
EXCEPT THE Dl AND DO LINES. 

2. WORD DEPTH EXPANSION ACCOMPLISHED WITH ALL LINES 
PARALLEL EXCEPT DECODED CE AND/OR CS LINES. 
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^ AQDITIOWAL 2416 MEWOBY DEVICES 



f^mM. Shift/Multiple Data Cyde/ShfftOintrol. 



Figura 18. ShlftyMultiple Data Cycle/Shift Address Sequanee^ 
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cussed later.) The data cycle inhilnt tuDe g^i;!! 
shown in Figure 17(b) by the absenoes of data f^ctes 
during the shift cycles. Relating the control sche- 
matic (Figure 17b) to the data address sequence 
chart (Figure 18) ^ows that 16 (out of 64) of the 
internal 2416 registers are selected before a shift 
cycle is initiated by index address 4 (IX4). The se- 
lection of this first group of internal registers is re- 
peated 255 times before a new group of 16 is se- 
lected by the change in index counter address 12 
(IXi2)- This sequence is repeated three more times, 
before the index counter either selects a new 2416 
or istiuiWi^ |te ^^^t^-^Mli^teess loes^^ 

001«ni<aiD1seilRCH' AND DATA CYCI^ CONTROL 

Hie control circuitry described in Figure 14 and 17 
applied primarily to sequential applications which 
do Bot'iea^Hiie a "search" to find a block of data. 
A more general control circuit is one that is cap- 
able of performing a "search" (or shift at high 
speeds to lpeate aiiloclc of data) and then accessing 
«ia«a «fc ^hg^ jwygamtim , iitttai transfer rate aad'tlte 
minHnum sluft eyde time. 



Eipmilfiliavfetoek ^bgrnernid the eoiriaBaijfixicipr 
(Btaiion et Hie 2416 in tiSmAtm aesess «r>8e«n# 
cycle mode. The previourisi<#i@»>8e(l pimlAj/t/mi^ 
the sequential control moctes ace applied tt@ 
addition of a shift address comparator circuit and a 
request and acknowledge loop (which provides data 
synchronization). The search cycle mode occurs 
when one or more of the 8 shift address lines do not 
compare to the corresponding 8-bit index counter 
lines. (This means that the starting address location 
of a block of data is not in the data out buffer.) A 
"not compared" condition inhibits a data start cycle 
signal and enables the four-phase shift generator. 
The four-phase shift generator shifts the 2416 at 
the maximum four-phase clock shift rate and incre- 
ments the 8-bit index counter until a "compare" 
is obtained. The compare enables a data start cycle 
which allows data access to the 2416 in the same 
manner as described 'to the ^sequential mode of 
Figure 17. 

"HIDDEN" SHIFT CYCLE CONTROL 

Time gaps in input/output data tcaiisfers in the 
^leviou^ described control dictut are the result 
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Figure 19. Block Diagram Control Random Access Mode. 
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of a shift cycle taking place. (Remember that no 
data I/O operations may be performed during a shift 

cycle.) In most systems applications, this time gap 
in the data I/O rate can be ignored or an external 
one word data buffer added to "hide" the gap. How- 
ever, for those systems in which neither of the 
above alternatives is acceptable, the time gap can 
be hidden by the system controller shown in Figure 
20. (The particular example is for a serial access de- 
sign but can be extended to the search/multiple 
data mode described previously.) 

The circuit in Figure 20 emphasizes the concept of 
obtaining high data rates with minimum four-phase 
clock shift rates and expands this concept by inter- 
leaving the shift times between two 2416 devices. 
As shown in the timing diagram included in Figure 
20, interleaving the shift times and multiplexing the 
data out signals from both 2416 devices to a com- 
mon data out line "hides" the shift time of the de- 
vice being shifted from the system input/output 
data stream. Note that only one 2416 at a time is 
bangshiftedi 



Operation of the 2416 in the system shown in Fig- 
ure 20 is desoribed as follows (see Figure 21). The 
first input data cycle inhibits the refresh oscillator 
and gener,ates a chip enable signal from the I/O data 
cycle generator. The chip enable signal is steered to 
either device A or B by the state of the 2^ bit on 
the index counter. (Read or write is determined by 
the state of the R/W. ) The end of chip enable incre- 
ments the index counter which establishes a new 
data location by changing the 2416 address lines. 
As the index counter is incremented it will select 
one shift location in one CCD and sequentially ac- 
cess 8 of the 64 CCD internal shift registers. At the 
end of the 8th cycle, the 23 index bit initiates a 
shift in the device being accessed and enables the 
data 1/0 in the other device. In summary, when one 
device is being shifted the other device is being ac- 
cessed. Note that the same 8 registers (defined by 
addresses A0-A5) will alternately be selected be- 
tween devices until 256 shift cycles have occurred, 
(i.e., the 212 index counter bit changes state). After 
every 256 shift cycles a new ^oup of 8 internal 
6CD legists per device (d^ned by addresses Aq' 
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Figure 20. Hidden Shift Cycle Control. 
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(a) Data ,i. 



EJIPLANATION 
8EEFIGUI1E4 




(b) Address 

Figure 21. Hidden Shift Cycles Data and Address Sequence. 



As) will be alternately selected between the two 
devices for 256 shift locations. This cycle continues 
until 8 groups of 8 registers (i.e., all 64 CCD internal 
data registers) are selected. The system described in 
Figure 19 can be expanded to 128K x 1 as fdiown in 
J%iBre 22. 

IMiiing ConsideraticHis 

Ibis section discusses the 2416 input signal char- 
act»istics, driver requirements and data-out sensing 
considerations. All 2416 input lines operate from a 
nominal 12 volt logic swing driving signals. How- 
ever, there are basic differences in input capacitance 
and voltage margins between some input signals. 
We will iirst consider the driver requirements for 
the four-phase clock inputs. 

FOUR-PHASE CLOCK INPUTS 

The four-phase clock inputs are connected intern- 
ally to thin oxide gates (which overlap other clock 
lines) and as a result have relatively long lines (Fig- 
ure 5). These clock lines cover the 64 shift register 
channels. The long lines and the close proximity 
of the gates to the substrate result in a high capaci- 
tance to substrate on the four-phase clock inputs. In 
addition, the overlapping on the gate eto^o«ie(to 
adjacKit dock line^ jarodu^ dMMi eoiqptt^lsa- 
pi^tance between a#ieeiMiiMr-^iie cto^Mjtpfes. 
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NOTES: 

1 WORD LENGTH EXPANSION OBTAINED BY PARALLEUMO 

ALL LINES EXCEPT Dl AND DO LINES. 
2. DEPTH EXPANSION OBTAINED WITH CE DECODING. 



Figure 22. Hidden Shift Cycle Address Expansion. 
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2416 CLOCK CAPACITANCE v 




EFFECTIVE INPUT CAPACITANCE 
^1 a «3 ° 600 pF 
*2llM • MOpf 



(a) Equivalent Circuit 





Max. 
pF 


Chilli ,c«iii 


01,03 Input Capacitance 


500 




02.04 Input Capacitance 


700 


C01 -02 


Clock 01 To Clock 02 Capacitance 


200 


C*1-04 


Clock 01 To Clock 04 Capacitance 


200 




Clock 03 To Clock 02 Capacitance 


200 




Qock 03 ToiQock 04 Capaeitsncis 


200 



Note 1; The C^]. . . .C^ input clocitGapacttannincludHttweloek to clock opseitwics. 
(b) Capacitance Values 

Figure 23. Four-Phase Clock Input Equivalent Circuit. 

Figure 23 shom the four-phase cliock input eqiiiva- 
lent circuit with the maximum capacitance values. 

The equivalent circuit of Figure 23 suggests two 
clock driver requirements which must be considered 
in most clock driver designs for a particular system. 
These two requirements are: 

1. Ability to drive hi^ capacitance loads. 

2. Ability to suppress cross-coupling current : 
transients. 

Of the two design requirements, number two is the 
most difficult to control. The cross-coupled current 
affects the ability of an adjacent clock driver to 
maintain the required high or low voltage margins 
while the adjacent phase driver is switching. The 
cross-coupled current that the quiescent driver must 
sink is proportional to the coupling capacitance 
and the slope of the active driver transitions (ex- 
pressed as nsec per volt). The cross-coupled current 
is expressed by the equation for a linear dbacge of 
a capacitor: 

I=,C| , (5) 



Where: 

I is the current for the dtu»tion of the sig- 
nal transition. 

C is the cross-coupling capacitance. 

— ^ ^ slope of llie voltage transition 

across the capacitor. 

The coupling capacitor between clock phases two 
and fovir shown in Figure 23(a) has a capacitance 
value that is a function of the data stored in the 
2416. Its minimum value occurs when all data re- 
sults in no charge stored in the potential wells under 
the phase 2 and phase 4 devices. Its maximum value 
occurs when the data under phase 2 and phase 4 
devices has stored charge in the potential wells. 
(Remember that the refresh and bMffer amplifiers 
in the 2416 are inverting, see Figiare 7, so that all 
potenlial wells contain stored charge only if the 
original input data is a low level for 128 shifts and 
then a high level for 128 shifts. Complete absence 
of charge is the opposite logic condition.) Thig ca- 
pacitance generally has a negligible effect on tiie 
overall design of the clock driver and is included 
only for completeness of the discussion on drivers. 

Examining the clock input equivalent circuit and 
the above equation indicates a contradictory driver 
output impedance requirement. For the quiescent 
driver to hold the coupling voltage to a minimum 
requires that the driver have a very low output im- 
pedance. However, when that driver becomes active 
this low output impedance increases the slope of 
the transitions which in turn increases coupling cur- 
rents to the other drivers. The above conditions sug- 
gest that a driver have a controlled output transi- 
tion time and a low output impedance characteris- 
tic in the quiescent state (high or low level). Doubl- 
ing the clock transition time (tx) results in halving 
the cross-coupled currents (a v^ desirable effect). 
The clock tnmdtions (4tni') ffTiiie shift execution 
time expression, tsx> (equation 2) have a minimal 
effect on data rate. Hierefore, a lai^e change in 
clock transition time will not appreciably effect the 
shift cycle, data rates, and latency time of the 2416. 
The etfect of doubling the dock tzansition time de- 
creases the maximum data I/O rate by less than 1% 
and increases the latency time by less than 20%. 

FOUR-PHASE VOLTAGE MARGINS 

The clock voltage margins and optimum "low" levels 
are also driver considerations. All four-phase clock 
low levels, ViLc> are specified at Vss -^0.6/-2.0V for 
the 2416, including cross-coupling and over shoot 
transients. Another clock margin requirement is that 
the diifierenoe in tfoe low level average reference 



lOilS 



mm 



iniWaligr between all foui-phase clocks mtut nofera- 
(«si i&5 volte. This mmm IM>'^ ^aet^^mm'^^ 
cbiltB^'lhouM ugg gaaae 1dc^<9*re9c »q)^ 

MPS (is'vm imitfly lake |>6kvei 
teom 4be ame peiwer sqi^M, it is emfJ^udaed A«re 

The high level margin ( Vmci ) for the transfer gates, 
01 and 03 is Vdd ±2.0V, and the high level margin 
(V1HC2) for the storage gates 02 to 04, is Vdd 
+2.0/-0.6V. 

The power dissipated by a clock driver when driv- 
ing a capacitive load is given by: 

P = Pdc + Pac, (6) 
irtiere: 

P<jc — is the average dc power dissipated by the 
driver when in quiescent state (high or low). 

Pac ~ is the power associated with driving capaci- 
tive loads. 

and: 

Pac = CV2f (7) 

where: 

C is load capacitance 

VjB clock voltage swing. 

The term Pdc can be considered a constant for a 
given clock driver design (to a first order approxi- 
mation) and attention focused on Pac. As shown in 
the equation for Pac for a given capacitive load and 
drive voltage, tiie transient power is a function 
Solely of the clock frequency. Therefore, to mini- 
'ttdze driver power, fte cjo^^ 
wriwimimiA. 
data ratal i 
pmm. if 




Continuous Search Driver Power 

This mode results in the maximum driver power dis- 
sipation with minimum (zero) input/output data 
rate. The clock driver power for the continuous 
I by liie followii^E A^e^^ia: 



Ps = Ct V2fs 



(8) 



Where: 

— driver power in search mode. • 1 j 
Ct — total driver load capacitance. f.g,,| , , 
fs — clock frequ^Q^y in search mode ^ i^^q * :| 

, :* ip* V. ! 1 ■ . ' ■ ■ 

V'^'&hck voltage swing. 

For maximum loading conditions and search fre- 
quencies, equation (8) is solved as follows: 



1^=2400 (10-12)(12)2 



(2)(750)(10-9) 



or 



ts = -23 watts dissipated in clock driv^, 
per 2416 device. 



(9) 



(10) 



The seardi-after-every -data-cycle mode of operation 
(similar to the search only mode) results in a driver 
power dissipation of approximately that derived in 
equation 10 for maximum shift rates. 

Refresh Cycle Driver Power 

Derivation of the driver power for system operating 
in the refresh only mode is similar to the power de- 
rived for a continuous search mode. The pow@c is 
calculated tS^o^ini f^uKJ 



2(9000)(l(>-9) 



A.C. clock driver power is calculated for several 
2416 operating modes. In these calculations the 
d.c. component of the driver power is ne^ected as 
a first order approximation. 

Ute foiuf^Bte opeti^g modes (diSm§4M'iSSK»f>~' 
efleet %e_i^ek^4't fr^uency and brace the doc^ .u 
driver power are: ' 

1. Continuous search (maximum shift rate). 

2. Refresh mode (minimum shift rate). 

4. Search data block transfer mode (combinaticm 
of iriyYimiiTii and miniimn" shift rates). 



I^EF--049 per *2416 d^ce. 



6-2) 



Equations 11 and 12 clearly show that clock driver 
power is a reciprocal of the clock cycle time. Re- 
member, to minimize clock driver power and sim- 
Viltweously maximis;e data input/output rate, the 
ij&ui^fiase clock cy^Sme Aould be maximized. 



Shift/Multiple Data/Shift Driver Pdwef 

Hie continuous shift / multiple data / shift mode 
driver power depends on how many multiple data 
cycles occur between shift intervals. In this mode, 
the driver power can range from approximately 73% 
of the continuous search power (when only one 
data cycle between a shift interval is implemented) 
to as low as the refresh power (when 16 data cycles 
are implemented between ^shift intervals). . . 
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The calculation of four-phase driver power for a 
general system operating in a shift/multiple data/ 
shift mode is a combination of the Search cycle 
and Refresh cycle power previously calculated. 
Since the actual power dissipated is a function of a 
particular system, the user is left to make the calcu- 
lation for his particular system. 

Search/Data Block Transfer Driver Power 

The dock driver power in the search/data block 
transfer mode is the time averaged power between 
the high driver power during a search mode and the 
low power of the shift/multiple data/shift mode 
during a data block I/O transfer. The following ex- 
ample will better illustrate the power and time 
magnitudes involved in this mode of operation. 

In this example, the data block length is assumed 
to be 4K data cycles and the maximum search 
latency time is assumed to be 200 Msec. The maxi- 
mum 2416 shift/multiple data/shift rate is 2 
megabits/sec. The average driver power including 
the search latency time and total data I/O time is 
expressed by the following equation: 



psdb=pref 



(Dbt) 



Dbt + Lat 



+PS 



(Lat) 



Dbt + Lat 



(13) 



Where: 

PSDB " the driver power in a search/data block 

transfer mode. 
PS — is the search mode driver power. 
PREF - is the previously determined refresh 

power. 

Dbt — the time required to transfer a block of 
data, and is expiessed by: 

Dbt = number of Data Cycles/Dsta Blocfe 
Average Data Rate 



Dbt = 



4K 



2meg. bit 



77 = 2 ms 



Lat ^ maximum latency tune (255, xt0/2 —see 
equation 1). 



(14) 

PSDB = .019w(gi^)+.23w (•|fj^) = W 

device. 

The above example indicates that even at the blu- 
est search rates, a search/data block retrieval time 
ratio as low as 1 to 10 results in very low clock 

driver power dissipation. 

Table 111 gives a summary comparison between the 
driver power requirements, data rates and mode of 
operation as calculated in the previous sections. 

DRIVING THE 2416 

The 40 clock driving requirements of the 2416 
determine the type of drivers that must be used. 
This driver must have the ability to drive a large 
capacitance as well as be able to maintain voltage 
levels during other clock transitions. (The four 
phase clock equivalent circuit is shown in Figure 
23.) Two basic types of drivers which can be used 
to drive the clock inputs are those made with discrete 
components and integrated drivers. The complexity 
of discrete drivers virtually eliminate them from 
consideration. The problem now reduces to the 
selection of a suitable integrated circuit driver. 

There are many integrated circuit drivers capable 
of driving a high capacitive load. However, the 
additional requirement of being able to suppress 
clock coupling transients make these drivers un- 
satisfactory for use in large 2416 systems. A driver 
designed especially for CCD devices is the Intel® 
5244. The 5244 is a quad CCD clock driver capable 
of driving high capacitance loads and suppressing 
clock coupling transients. 

rm 5244 QUA© CCD CLOCK DRIVER 

The 5244 is a CMOS driver capable of driving four 
2416's. This driver requires a single +12V supply 
and has fully TTL compatible inputs. The 5244 is 
designed specifically to drive CCD devices and as 



Table III. Four-Phase Clock Driver Power Summary. 



Mode of Operation 


Symbol 


Data Ratas:- 
Biu/Sac. 


4^ Driver 
Power ImWI 


Comments 


Continuous Search 


Ps 


to 5000(11 


230 


Maximum Driver Power 


Refresh Only Mode 


Pref 





19 




Shift/Multiple Data/Shift (MIN) 


PSMS WIN) 


2 Megabit 


19 


Maximum Data Rate (16 
Data Cycles between Shifts) 


Shift/Multiple DaWShift (MAX) 


PSMS (MAX) 


970 Kilo Bit [21 


167 


Shift after each Data Cycle 


Search with BloekTr^mfttr 


PSDB 


2 Megabit (31 


38 


Data Block 4K Words 



Notes: 

1. Worst case decrement pattern on shift locations. 

2. Ir^sut data rate is actual data rate and not average data rate. 

3. Does not Ineluefa search lime.' 
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such has internal circuitry designed to minimize 
the cross-coupling transients during clock transi- 
tions. The pin configuration and block diagram are 
shown in Figure 24 and 25 respectively. .\s shown in 
Figure 25, the output signal is fed back to an out- 
put transition control to assure that the clock 
transition times do not fall below the minimum 
requiisd hf C^D devices. 

In most memory ^sterns, and certainly In Isage 
CCD memmy! ^tems the paw^ d^s^iatioa of 
any drivers is very important. Because the 5244 is" 
implemented by CMOS devices, the quiescent 
power dissipation is very low. The DC characteris- 
tics of the 5244 are shown -in Table IV. loDO and 
IdD 1 (standby and cgserating currents respectively) 
are defined for zero frequency (t0/2) and for ^ 
frequency of f = 0.67MHZ respectively. The readers 
attention is directed to the equation for operating 



current shown in note 1, Table IV. This equation 
gives the expected operating current as a function 
of shift time (t0/2} and can be used accordingly. 

Driver Characteristics 

The 5244 is specified to drive four 241^'S »d have 
the characteristics required by the 2416. These re- 
quirements are placed in two. categories: 

1 . ) Transition time 

2. ) Cxoss coupled voltage $uppies»on 

The ^rans^ticSn tiiae M the;5244 is $peci0ed between 
a miniiniiin of 3f nsee and awaxiirauin of 75nsec 
for fhases 1 and 3 and a minimuni of 3.Cfnsec and 
maximum of 90jt^c for phases 2 and 4 when ;dri- 
ving four 2416's. When umng the driver in; this con- 
figuration, no additional components (such as re- 
sistors) are necessary to be added in the output. 
However, if fewer than 4 24I6's are driven by the 



PiN CONFIGURATION 



BLOCK DIAGRAM 



IB, 

□ nc 

□ S3 



NOTES: T.'e0rHn#l1 /^%'M£^BEGONNE€ITE0T6Vte. 

2. BOTH P1N« AND 18 MUST BE CONNECTED TO Vdd- 



PIN NAMES 



ll l« TTL INPUT 

5t O4 ORtVER OUTPof~ 



♦ 12V POWER SUPPLY 



NOT CONNECTED 



OUTPUT 
TRANSITION 
CONTROL 



OUTPUT 
TRANSITION 
CONTROL 



-Off, 




Figure 24. 5244 Pin Configuration. 



Figure 25. 5244 Block Diagram. 



Table IV. 5244 D.C. and Operating Characteristics. 

Ta = 0°C to 70° C, Vqo ' +12V ±5%, Vss = OV 



Symbol 


Parameter 


Min. 


Limits 
Typ. 


IVIax. 


Unit 


Test Conditions 


IlL 


Low Lev^l Input Current 


-10 


+0.1 


10 




V|N<V|L 


l|H 


High Level Input Current 


-10 


±0.1 


10 




V|N>V,H 


V|L 


Input Low Voltage 




+1.2 


+0.85 


V 




V|H 


Input High Voltage 


+2.0 


+1.5 


Vdd+1.0 


V 




Vol 


Output Low Voltage 





0.03 


+0.1 


V 


Iql - 5"^A 


VoH 


Output High Voltage 


Vdd-01 


Vdd-03 


Vdd ■ 


V 


•oh = -5mA 


Iddo 


Standby Current 




2.0 


4.0 


mA 


V|N > V|H, V|t^ < ViL.f = MHz 


'ddi 


Operating Current 




75 


105111 


mA 


V|N>V|HOr V|M<V|L.f=0.67MHz'21 



[2] Output load = four 2416 clock inputs or equivalents per Figure 23. 
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5244, an external capacitor must be added to each 
phase driver as shown in Figure 26. These capaci- 
tors must be added to assure that the driver tran- 
sition time is not less than the ifitetoiMM specified 
by the 2416. 



- TVnUL 2416 INPUT CLOCK CAPACITANCE. 
A VALUE FOR WITHIN THE RANGE OF 3 
F WILL MfORK FOR ALL CLOCI" " 

OF MNMcR.iiM a/ma. 



Figure 26. External Loading Requirements Wlien Driving 
Fewer Than Fojir 2416's. 



A more difficult parameter to specify is the cross- 
coupled voltage transient resulting from driving 
four 241 6's. Figure 27 shows the cross-coupling to 
be expected (vertical scale is exaggerated). The 
cross coupled noise suppression is specified both 
in level above and below quiescent and in time. 
The designer is reminded that the coupling transients 
shown assume a reasonable signal distribution 
the printed circuit board of the clock inputs. A 
typical distribution technique acceptable for CCD 
devices is shown in the Memory Array Layout 
section. 

The relationship between the 5244 driver output 
specification, and the 2416 input requirements are 
shown in Figure 28. As shown in these diagrams, the 
speciHcations associated with the 5244 allow an 
adequate noise margin when operating witii the 
2416's 

Typical Waveforms of the 5244 

Typical waveforms of the 5244 drivit^ 4 241 6's 
are shown in Figure 29. The driver placement shown 
in this figure is that described in Figure 36. 



OUnVT DRIVING 2*16 ^ 



%.^IIIA)bl- 



~-f 



" — \ 



aZM OUTPUT DRIVING 2416 



•Iwt"""- 



~-f 



S244 OUTPUT DRIVING 2416 ^ 



V ■ 

^„iiiiii.|- 



6Z44 OUTPUT DRIVING 2418 04 



Vu,aiA»- 



FIgura 27. 5244 Output Crosi4>Hiplad Voltage (Driving Four ^flCt) 



\ 
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DMVtNQ CLOCK 
(NOT TO SCALD 




1/7 



NOISE MAAOIN 



J' 



CLOCK 

HIOH 

LEVELS 

EXVANOED 

SCALE OF 
CLOCK 
HIGH 
LEVELS 
SHOWN 
WITH 
CROSS- 
COUPLING 
TO THE 
ORIVIMQ 
CLOCK 



CLOCK 
LOW , 



WITH 

CROSS 
COUPLING 
TO THE 
ORIVINO 
CLOCK 



Figure 28. NoIm Margins Between 5244 Out^ Sped and 2416 fi ... .#4 Input Requirements. 





VERTICM. SCALE: IWAMV VERTICAL SCALE; 3V/DIV 

HORIZOtfTALSULC: SBBl^DIV HpRISMITAL SCALE: SBOii^DIV 

Figure 29.^44 Typical Wavefonm Driving ^our 2416^1^ 
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DRIVING CS, CE, ADDRESS AND DATA-IN LINES 

The remaining 2416 input lines, i.e. chip enable, 
chip select, address and data-in, exhibit a capacitive 
input of 4pF each. The low level margin (Vili) 
for these inputs is Vss -^.8V/-1.0V. The high level 
margin (Vmi) for these signals is Vdd ±1-0 volts, 
except for data-in which has a Vihd from 3.5 
volts to Vdd -Hi volt. The wide voltage margin on 
the data-in line allows it to be driven by a CMOS 
circuit or a TTL with a 470i2 pull-up resistor or 
the same type of driver used for the CE, CS, and 
address lines. 

Maintaining Voltage Levels 

Tbs internal line to line coupling capacitance be- 
tween the low capacitance inputs is less than IpF. 
In addition, coupling can exist between signals at 
tbe card level. To suppress Uiis total cross coupling 
effect, and thus maintain the required voltage mar- 
^s, a driver witii a low output impedance to Vss 
tiid/or Vdd is required. Generally, drivers utilizing 
CMOS, complementary collector, and the totem 
pole type configurations, with an over-driven emit- 
ter follower, will suppress or recover from the coup- 
ling transients with sufficient margin. A driver em- 
ploying a passive pull-up resistor or an emitter 
follower without over-drive voltage produces mar- 
ginal results. 

In addition to coupling, the over-^oot tendencies 
associated with the fast signal transition tim^ also 
affect the voltage margins. It is ImpcnM^ant to locate 
the driver as close as possible to tiie memory array, 
usually split or branched from the center. Inserting 
a ion (for multilayer board) or a 20J2 (for a two- 
sided printed circuit board) series damping resistor 
suppresses these over-shoot tendencies. The number 
of memory devices connected to the driver increases 
the coupling between inputs in addition to increas- 
ing the driver delay. These effects are shown in 
Figure 30 for an Intel® 3245 and 5235 quad drivers 



driving 4, 8, 32 and 64 2416 devices on a two 
aded printed eirouit board array. 

Sensing and Data-Out CSiaracteristics 

The 2416 data-out line is driven from an open drain 
MOS circuit which allows "OR" tying of the out- 
puts. The access time of the 2416 is specified with 
a 5K pull-up resistor on the data-out pin to a 5 volt 
supply and a capacitive load of 50pF. The 50pF 
represents eight 2416 data-out lines OR tied, (i.e., 
5pF per device and approximately .5pF/d«vice stray 
capacitance.) 

The waveforms in Figure 31 show the results of 
connecting 4, 8 and 16 2416 data out lines to the 
input of a series 74 type TTL gate. The recovery 
time of the data-out line is determined from the RC 

time constant of the data out line pull up resistor 
(including the sensing device input resistance) and 
the total data-out line load capacitance. This time 
constant should be less than 609c of the data cycle 
time to allow the bus to recharge from the previous 
cycle. The minimum value of the pull-up resistor is 
determined from the 2416 (Iql ) data out 3mA low 
sink current capability while maintaining less than 
-H.45 volts above Vgg (GND). Limiting the data out 
sink current to 3mA results in an effective minimum 
pullup resistance of 1.7K ohms when connected to 
5 volts and 4K ohms when connected to 12 volts. 

The output of the 2416 goes low only when a 
logic "0" is read out. The output is held at a high 
level at all other times by the puU-up resistor. The 
advantage of this arrangement is that the time con- 
stant of the load capacitance and pull-up resistance 
has a minor effect on the access time. 

Care should be taken when using a large value of 
pull-up resistance to assure that noise coupled into 
Idle output during sense time is not excessive. 

In simimary, ihe 2416 data out sensing character- 
istics are suitable to both hi^ and low level CMOS 



324S 

4.8.32.64 

LOADS 



5235 

4,8,32.64 

LOADS 



HORIZONTAL: 20NSEC/OIV 
VERTICAL: 2V/DIV 




:^EilXlieiKI.}|V/DIV < 
HORIZONTAL: 1(ICfMsee/f>IV 



FigoiM 30. Driver Waveforms a> a Function of Loading. 



Figure 31. 241$ Data Out Waveforms OR Tied. 
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inputs and TTL inputs. The Intel® 3212 hi^ input 
impedance 8-bit latdi with three state ou1)>ut or 
tiie 3404 6-bit latch also provides ^Wtem adssaitiigss 
used as a 2416 sensing device.1 

CARD AND SYSTEM ORGANIZATION 

The oi^iinum organization of a CCD memory card 
is detenDjned by the memory application, card ex- 
pansim ct#sbility and memory word size require- 
ments of system. When a simple parity check 
or single error correction is used, it is desirable to 
organize the memory card to minimize multiple bit 
eaim {(voiding common drivers and sensing dr- 
coite to more than one bit in a word. This is easy 
to accomplish wfaexe large memory systems are re- 
quired. If tiie card is organized in a one or two bit 
configuration, the number of bits per word is ob- 
tained by adding additional cards. For example, 
such a card might be organized as 51 2K words by 
1 bit. For this case, 8 cards would be required to 
obtain a word size of 8 bits. This system is capable 
of a data rate of 2 megabytes /sec. 

Additional memory depth expansion is accomp- 
lished by additional basic storage units which also 
become very adaptable to four-phase clock bank 
switdiing techniques. Figure 32 shows the basic 
end organizatitiH f or Hie 512K x 1-bit card. 



Megabit Storage Card 

In many previous systems, a ti^iitessaient for a large 
amount of memory us«hA^ tti^t iie neeei^^ stf 
having several printed circuit cairns' to a6M^4#6 
storage requirements. With the introducii^ ci a 
16K CCD device, very high memory dennties cam 
be achieved on a single printed circuit card. As an 
example, the high density storage card shown in 
Figure 33 stores one million bits of information. 
This card is self contained in that all clock drivers, 
sense amplifiers, and data bus drivers are included 
on the card. 

This card is organized as 128K words x 8 bits (and 
can be modified to 64K x 16) as shown in Figure 
35. The data rate of this memory is two megabytes 
per second (i.e. sixteen megabits per second) as con- 
figured. (This high data rate is achieved with the 
four-phase clocks cycling at minimum frequency of 
55 KHz.) The combination of high density and high 
data rates make this type of card ideal for use in 
many types of applications. The 128K x 8 CCD 
storage card operates in parallel on the eight bits of 
a given word to achieve a data rate of sixteen meg- 
abits per second. If the data stream is to enter the 
memory system at a serial data rate of sixteen n^- 
abits per second then the memory inter&oe can be 



3245 
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CE DRIVER 



I 1 I I 
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4* 
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Figure 32. 51 2K Word X 1 Bit System Organization. 
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slightly modified to eliminate undesirable interrup- 
tions to the input and output data streams. Such a 
modifipatiioa is shp'wn in Figure .34 (for an eight 



Memory Array Layout 

A glided power distribution in the memory ar- 
ray is a very imp^tanls'ts^oiit ccH&idorataa. WmiSln 





Figure 33. 128K Word X 8 Bit CCD lUemory System (Megabit Card). 



AVG.8 
MEG. BIT 
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2416 



SERIAL OUT 



AVG. DATA 
RATE 8 MEG. 
BIT/SEC. 



a MEG BIT DATA RAT€ WITH 
4<> CLK RATE LESS THAN 55 kHt 



Figure 34. l%ta)ldinii 2416to Itandle Very High Data Rates. 
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voltage and ground buses should be bused in the 
horizontal and vertical directions through every 
memory component. Generally, the width of the 
bus traces is not as critical as the separation between 
the grid construction. Even in multilayer construe- 
Hon, an internally grided or continuous structure 
i^iUi^iimftmt to minimize the charge and discharge 

Mkiimg''6my to the drivers. 

'.in* '>?5i!ov Jfi'-^iL-,.. y j. • 

All xaematy aoay ognd teaces tttd ^iU^I^'^fkSti 

mil clock traces are recommended because of the 
peak currents involved with 2416 four-phase clock 

lines when several ^,^j^.9W^!!^jf@{^BM 
transition times. It is' recomineiided tiiat 
clock lines be run next to a GND line back to the 
driver as shown in Figure 36. These wider traces and 

the GND separation between them lowers the series 
inductance and coupling properties of these clock 
lines. However, the ground trace between the clock 
lines is not required when an internal ground plane 
^B!lWNl?4 card. 



The memory array la||Mlt SR^the 64K x 16 memc^ 
described previously ig mowa in Figure 37. 



-tl.)2.«3.«S| 



Figure 36. Four-Phase Clock Layout. 
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Figure 35. 128K Word x 8 Bit Card Organization. 
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Memory Anay DecoiqAag 

The 2416 decoupling lequirements, as shown by tiae 
transient current wavtfonns in Figure 38, are very 
moderate. Tests show, from a 64 device 1 million 
• bit board, that placing .l/iF decoupling capacitors 
from Vdd to Vss at every other device location in 
the array and a .IfiF from Vbb to Vss at the other 
devices will suppress the transient voltage spikes to 
less than 200mV. 

However, on the four-phase clock drivers, a luF 
from Vdd to Vss and l^F from Vbb to Vgs is 
recommended for every two four-phase drivers. 

Tantalum capacitors (~100mF) should also be add- 
ed for low frequency decoupling. 

SUMMARY 



Figure 37. 2416 Memory Array Layout. 





The 2416 has been shown to be a versatile and 
flexible memory device. This flexibility is maxi- 
mized when a thorough understanding of the in- 
ternal storage organization is achieved. Interface 
drivers and control circuits have been discussed for 
several of the more typical applications to demon- 
strate the ease with which the 2416 can be used. 
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Figure 38. Traniient Currents 



2416 



SERIAL MEMORIES 













Electrical Characteristics Over Temperature 




Type 


No. 
of 
Bits 


Description 


No. 
Of 

Pins 


Data Rep. Rate 
IMIn. Max. 


Power 
Dissipation 
Max.[1] 


Input 
Output 
Levels 


Clock 
Levels 


Supplies[V] 




1402 A 


1024 


Quad 256-Bit Dynamic 


16 


10kHz 


5MHz 


500mW 


TTL 


MOS/TTL 


5, -5 or 5. -9 


sow 


1403A 


1024 


Dual 512-Bit Dynamic 


8 


IQkHz 


5MHz 


'Cnnm y/j 
auumw 


TTI 




3, -O Ol Ot Si 






iU£**-Dii uynamic 


g 


10kHz 


5MHz 


SOOmW 


TTL 


MOS/TTL 


5, -5 or 5, -9 


ATE 


1405 A 


512 


Dynamic Recirculating 


10 


ICkHz 


2MHz 


400mW 


TTL 


MOS/TTL 


5, -5 or 5. -9 


CON G 


2401 


2048 


Dual 1024-Bit Dynamic 
Recirculating 


16 


25kHz 


1MHz 


350m W 


TTL 


TTL 


+5 


SILI 


2405 


1024 


10Z4-Bit Dynamic 
Recirculating 


16 


25kHz 


1MHz 


350mW 


TTL 


TTL 


+5 




2«1fi 


16,384 


CCD, Seriial Memory 


18 


126kHz 


2MHz 


SOOmW 


TTL 


MOS 


+12, -S 



Note: Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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INTRODUCTION 

The evolution of semiconductor dynamic Random 
Access Memories has resulted in devices which are 
very easy to use in system api^Iicatipns. These 
devices have evolved to the point that; today, Some 
are fuUy TTL compatible including clocks, while 
others have all but" the dock input TTL compati- 
ble. Most random access memciry devices ate 
treated as "just another component" by system 
designers — a very desirable situation. 

Although there are many ways to design a solid 
and reliable memory system, care must be exer- 
cised in the implementation of the support circijits 
which "surround" the memory devices. In many 
cases, marginal memory system operation can be 
traced directly to margmal or inadequate periph- 
eral components, ^hl^ ispL-cially true in those 
memory systems which exhibit "soft" failures. 
("Soft" failures are usually not repeatable and are 
almost completely random.) These "soft" failures 
can result from timing pitches causes by refresh 
interference, inadequate High or low input leveis to 
the memory device, or very tight tilling constraints 
in the system. Using the reasonably conservative 
desi^ techniques discussed in this Application 
Brief allows the memory system designei to obtain 
maximum system speed with minimum peripheral 
power. This, in turn, allows fee systenj into which 
the memory goes to treat its ihemory as just 
another "black box." 

Common characteristics of dynamic RAMs are the 
requirements for: ' 

1. Refresh 

2. Signal drive (TTL or MOS level) 

The first requirement allows high density, high 
speed, and low power RAMs to be designed in the 
first place; The second requirement is the result of 
the large number of memory devices (and therefore 
high capacitance) usually contained on a printed 
circuit board. 

The pupose of this Application Brief is to describe 
support circuits which are used to perform refresh 
control and multiplexing functions and drivers 
used to drive the memory array. The devices de- 
scribed are used primarily with 16 and 22-pin 4K 
and 16-pin 16K RAMs. For reference, those devices 
to be described in this Brief are shown in Table I. 

This Application Brief is divided into two major 
sections. The first section describes Refresh Con- 
trollers and Address Multiplexers and the second 
section describes TTL and MOS level drivers (for 
clocks, address lines, etc.). 

REFRESH SUPPORT CIRCUITS 

Two relatively new types of memory support 
circuits have been made available recently. Refresh 
Controllers and Address Multiplexers. The devices 



in this category which will be discussed are Refresh 
Controller/Address Multiplexer — Intel® 3222, and 
Address Multiplexers - Intel® 3232 and 3242. As 
shown in Table I, the 3222 is used primarily with 
22-pin 4K RAMs, while the 3232 and 3242 are 
used with the 16-pin 4K aad 16K RAMs, respec- 
tively. 

Refresh Comtisritees/ Address Multiplexers 

In any memory system utilizing dynamic RAMs, 
some method must be promdted to periodically 
refresh the contents of fflemfficy. Although the 
design of a refresh controller using standard TTL 
logic gates is not difficult, care is required to avoid 
refresh interference (especially in asynchfdnous 
systems). 

Refresh interference is usually caused by the 
inability of system logic to distinguish between a 
simultaneous memory cycle and refresh cycle 
request. The cause is most likely the result of using 
a latch improperly in trying to distinguish between 
the two types of cycles. An example of the im- 
proper use of a latch is shown in Figure 1. In this 
figure, the D input is asynchronous from the clock 
input C. If both should occur simultaneously, the 
set-up time required between the clock and data 
inputs is violated and the latch state is indetermi- 
nate for an undefined period of time. This indeter- 
minate state can cause both a refresh and memory 
cycle to be started almost simultaneously, caus- 
ing errors to occur. 

Table I. Support Circuit Characteristics 



FUNCTIONS PERFORMED 


[ 

3222 


3EVICE 
3232 


3242 


Refresh Controller 


X 






Refresh Counter 


X 


X 


X 


12 Two-Way Multiplexers 
(used with 22-pin 4K RAM) 


X 






6 ThreeS-Way Multiplexers 

(used with 16-pin 4K RAM) 




X 




7 Three-Way Multiplexers 
(used with 16-pift 1fi;K mM\ 






X 


Driver Capability 




X 


X 


Zero Refresh Address Detect 




X 


X 



MEMORY REC3UI 




REFRESH C^GLE/MEMORY CYCLE 



NDTE-- 

nj ptEFREa^ AWB MEMORY REQUEST 
A^fe^yNCHROIVlOUS 



Figure 1. Impl'b^r Use of Latch 
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In addition to lof^c controller functions, the sys- 
tem refresh controller is required to have a sequen- 
tial counter for the refresh addr^ses and an ad^ 
dress multiplexer to multiplex between refresh and 
system addresses. Most controller designs able to 
handle all of the above requirements -.require a 
minimum of 1 2 IC packages in addition to a mod^ 
erate amount of design and debug time. 

The Intel® 3222 is designed to perform the func- 
tions associated with a system refresh controller. 
The 3222 is designed especially for systems using 
22-pin 4K RAMs such as the Intel® 2107B. 

The 3222 performs the following functions: 

1. Selection between a Refresh and Read/Write 
cycle (system control) 

2. 64 refresh address counter 

3. 6-bit refresh and system address multiplex^ 

4. Refresh timing control genmtor 



6C 

REFREQ C 2 
CVREOC 3 
CTAHTCYC 4 
AjC 5 
A,C « 
AoC ' 
Bin 8 
o\L « 
11 

QROUNDC 11 



Dvcc 

3 Bk/Ck 

3REF0N 
3BUSY 

3 A, 

3^ 



The pin configuration for the 3222 is shown in 
Figure 2. An internal block diagram of this device 
is shown in Figure 3, outlining the four functions 
described previously. The use of the 3222 is made 
easier if the designer undentands the mtemal lo^c 
circuits of the device. The internal logic diagram of 
the 3222 is shown in Figure 4. Each of the four 
device functions is described using the internal 
logic dis^ram. 

System Control 

The system control logic internal to the 3222 
performs two functions: 

1. Selects either a Refresh or Read/Write Cyde 
(depending on input). 

2. Provides external control signals back to the 

system. 

The first function - selection between a refresh 
and read/write cycle — is most important to the 
designer because it eliminates the chance of refresh 
interference associated with many new system 
designs. This function is performed by the priority 
latch shown in Figure 4. This latch has been 
designed so that the simu ltaneous occurrence of 
a cycle re quest (CYREQ) and refresh request 
(REFREQ) does not cause the latch to enter a long 
period of indecisiveness. (This problem may occur 
when such a latch is implemented with standard 
TTL logic gates.) 

The second function — providing external control 
signals to the system — is implemented by the gen- 
eration of the three control signals. These signals 
and their functions are: 



Figure 2. 3222 Pin Configuration 



TIMER 
CONTROL 



6 BIT 
REFRESH 
<X>UNTER 



2 INPUT 
e CHANNEL 
ADDRESS 
MULTIPLEXER 



-tN. ADDRESS 
y OUTPUTS 



Figuta 3, 3222 Block EHagram 



1. Start Cycle: 
(STARTCY) 



2. Refresh O n: 
(REFON) 



3. 



Ackn owledge: 
(MK) 



Occurs shortly after a Refresh 
or Read/Write cycle is initi- 
ated. This signal is used by 
external control logic to start 
memory system timing. 

This signal is a logic low on/y 
when refresh cycle is, begin- 
ning or is in progress. 

ACK is a logic low only when 
the system is in a read or write 
cycle. 



6-Bit Refresh Address Counter 

An internal 6-bit refresh address counter provides 
for the refresh of the first 64 low-order addresses 
required for 4K RAMs. The address counter is 
automatically incremented by one at the end of 
every Refresh cycle. In addition, the counter is 
wrapped around so that after the 64th count the 
counter au|omatically fesets to the first refresh , 
address. ST 



1^2 
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ROW 

ADDRESSES 
OUT 



Figure 4. 3222 Interrtal Logic Diagram Support Circuit; 



Address Multiplexing 

An internal 2-input-. 6-channel address multiplexer 
selects either the 6-bit refresh address or the 6 
low-order system addresses. To allow minimum 
access time systems to be designed using the 3222, 
the 6 low-order system addresses are selected (i.e., 
available at the output pins) at all times except 
for refresh. | 

Refn^ jtetog CbnM^ j 

To round out the capability of tfcie 3222, a jeif?^ 
timing one-shot is incorporated ii< the device. This 
one:«bot allows a distjihuted mtisA ma&p to be 
used with no extetpal circuits 'added. (If bi^t 
refresh 'is-d^ttd; an efXteijial oae-shot is added, 
as will be explained later.) 

The timing of the refresh interval is controlled by 
a simple RC network connected as shown in Fig- 
ure 5. The relationship between the RC time 
constant and the time between refresh is given by: 



1. 



tREF = 0.63RxCx 
r 



where : 



tREF ~ Total time between refreshes in msec 
(e.g.i 2 mssQj!. 1, 

r = number of device addr^es to ibe 
refreshed 

Rx = external timing resistor in kf2 
Cx = external timing capacitor in /nF 



The range of values associated with Rx and Cx are: 

2. 3k£2<Rx<10kn 

and 

3. 0.005 juF < Cx < 0.02 AiF 

These conditions on Rx and Cx result in a tange of 
refresh intervals (assuming r = 64) of: ' 

4. 0.6 msec < t j^£p < 8. 1 msec 

This refresh range includes virtually all system 
refresh requirements!4or .64 reficesh addie^ WJsMs. 




ADDRESS 
.INPUTS 
1021078 
ARRAY 



Figures. Rafreili Timing Control 
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3222 System Operation 

The 3222 Refresli Controller/ Address Multiplexer 
is desired for memory systems using 22-iMn RAMs 
such as the 2107B. The following discussion con- 
centrates on the use of the 3222 in a system using 
just such a RAM. Because of the plethora of RAM 
timing specifications available, the discussion wiD 
be limited to the operation of the device with only 
those timing parameters mtical to the 3222 being 
mentioned. 

The two timing diagrams showing the combinations 
of system memory cycles/refresh cycles for the two 
Busy states are shown in Figure 6. A schematic of 




FROM 
MEMORY> 

TIMING 



ONLV ONE 3222 15 REQUIRED PER SYSTEM. 
ADEQUATE BUFFERING SHOULD 8E PROVIDED 
ttIC 3122 ADDRESSES (Sto-C^l 
INPUTS. 



Figure 7. Timtnglbontttoi tosic for 3222 



the logic required to implemept tinung/eantrol for 
the 3222 is sfliown in Figure 7. fti ofder terMmpKty 
the explanation of circuit operation, the discusaon 
is'limite^ to the following examples: 

1 , %stWl Memory Cjsde with Memory Mfjfc^^y 

2v ^ifresh Cycle with Memory Busy (M^lMs 
System Cycle) 

3. System Memory Cycle with Memory Busy 
(following Refresh Cycle) 

4. Refresh Cycle with Memory Not Busy 

The above four conditi ons are sliown in Figure 8. 
using Cycle Req uest (CYREQ) and Refresh Re- 
quest ({lEFREQ). In all system memory cycle 
examples, it is assumed that the system addresses 
are valid at' the 3222 inputs (Aq— A5) coincident 
with cycle jeatis$t« 

System Mieriidff 'Cycte wWh Memory Not Stisy 

The first example is for a system memory cycle 
with memory not busy (refer to Figure 6a). The 
control functio n is follo wed by the arrows labeled 
1 —4. Whe n CYREQ goes low, start cycle 
(START CY) goes l ow at or before tRs time (arrow 
1). The STARTCY output is used to trigger a Busy 
latch at or after tnoLD time. When the externally 
genera ted Busy signal goes low, it automatically 
s ends STARTCY high and issues an ackno wledge 
(ACK) command from the 3222. The ACK output 
of the 3222 is used to signal the system controller 
that a memory cycle has been initiated and ac- 
cepted by the processor. It is important to note 
that the system controller cannot issue a memory 
c^fcle request and not monitor the acknowledge 
Q^tjtiilt In an asynchronous system, since there is. 
itO aHiMt to assure that the command has been 
accepted by the 3222. In a asynchronous system, 
howevM, the aCknowtedge out need not be moni- 
tored i,f refresh is diesigned not to occur during a 
data'cyA. ' ■ 



REFRESH REQUEST, 
WHEN MEMORY I 
IS BUSY 



MEMORY REQUEST 
W^EN MEMORY 



A r 



Figure s. Four 3222"Wsaf^Stam 
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Refresh Cycle with Memory Busy 

The second example (for a refresh cycle with the 

memory busy) shows the timing expected to/from 
the 3222 for a refresh cycle requirement during a 
system access cy cle. In this case, refresh has been 
requested while B USY is low; i.e ., the sys tem is 
busy. Aft er BUSY is set high (the REFREQ is still 
low) the START CY ou t goes low a maximum of 
tRs late r. After BUSY goes high, the refresh on 
output (REFON) goes low, indicati ng the 322 2 has 
accepted the refresh request. The STARTCY out- 
put go ing low is again used to set th e external 
BUSY inpu t lo w. Shortly after BUSY goes low, 
STARTCY and REFREQ are reset (i.e., go high) 
after the time indicated in Figure 6b, and the 
refresh addresses are valid at or after tgAR time. 

System Memory Cycle with Memory Busy 

The third example assumes that the memory syg^ 
tem is busy with a refresh cycle when a system 
access is requested. The major difference between 
this example and example 1 is that the system 
addresses at the output of the 3222 are not valid 
until after tfiAM time. It is noted that tsAM is 
much greater than t^A (see Figure 6c). Care should 
be exercised to assure that addresses are valid at 
the memdry device at or before the clock (chip 
enable for the 2107B) goes high. More will be 
discussed about these requirements in the 3222 
systems considerations section. 

Refresh Memory Cycle with Memory Not Busy 

The last example gives the timing for a lonesome 
refresh out in the middle of nowhere. The major 
difference between this exa mple and example 2 is 
the occurrence of REFON. When the memory is 
not busy, refresh is delayed by Irrc relative to the 
refresh request input. All other timing conditibns 
are as described in example 2. 

3222 System Considerations 

There are many ways to interface a 3222 to a 
memory system as there are creative designers. 
Therefore, it is useless to describe in detail the 
cleverness of a particular design. However, several 



hints regarding what to watch out for (or-how-not- 
to-foul-things-up-before-you-even-get -started) in 
the interface are useful. These hints are the require- 
ments of the memory component used and not be- 
cause of the 3222. The following hints should be 
observed : 

1. Do not allow start cycle to begin a memory 
cycle before the addresses are valid at the 
memory component (see Figure 9). In an 
asynchronous system (where a system cycle or 
refresh cycle can be requested while the mem- 
ory is busy) this means using the start cycle to 
address output delay maximum of tsAM and 
not tAA- 

2. If d elay lines a re used as the timing element in 
the STARTCY path , care shou ld be exercised 
to assure that the STARTCY output is long 
enough to propagate through the delay line 
with minimum distortion. The STARTCY out- 
put can b e very sh ort if a fixed p ulse width is 
used for CYREQ and REFREQ (see Figure 
10). This condition may result in the delay line 
not transmitting the signal properly (see Fig- 
ure 11). For this reason, externally generated 
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Figura 9. Ponible Timing Conflict in Chip Enalile Address 
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CYREQ and REFREQ inputs should be gener- 
ated as shown in Figure 12. As shown in Fig- 
ure 12, a latch is used to fo rm the cy cle and 
refresh requests CYREQ and REFREQ, respec- 
tively. When a cycle is requested (either for an 
access or refresh), the request rem ains v alid 
until it is serviced. An Acknowled ge (ACK ) for 
a memory request or a refresh on (REFON) are 
required to remove the request from the line. 



3. If a delay line is used on STARTCY, the line 
should not be driven directly from the 3222 
because of insufficient output drive for this 
appUcation. 

4. Note that the address (iiuttiuts (O0-O5) are 
bu£fefed before driving a memory array. The 
3222 output drive is not normally suff^nt 
to drive the memory array directly. 

5. A power-on reset must be provided to the 3222 
to assure proper start-up operation. This reset 
should be a negative-going pulse on the BUSY 
line and is best provided by momentarily 
clamping the BUSY input to ground. Th e time 
constant selected should assure that the BUSY 
input is held at or below Vil(max) until the 
Vcc (+5V) supply ha; stabilized. 



Burst Refresh Timing Generation 

The 3222 is capable of generating both sequential 
and burst refresh cycles. Sequential refresh has 
been previously discussed. Consider the require- 
ments for burst refresh generation. 

Burst refresh is used primarily in systems which 
cannot be interrupted for refresh during data 
operation. These systems must have a time period 
when no memory accesses are required so that the 
entire memory can be refreshed. A circuit which 
allows for burst refresh cycles is shown in Figure 
13. 




.1.- ■ I'jidiirr, 



, .1 oij ..-\o., c,.--, -siisi^^^mfimm:, - 
''''.I ^-'1^*"■17'^TtlTT?^"•3'J^*^■:^';,t n.. ■■■■jt' 



Figure 12. External Generation of CYREQ and REFREQ 

Operation of the circuit shown in F!gifell'!s* as 
follows. The refresh tinui^^M^m^ (usually 2 ms) 
is generated by timing circuits internal to the 3222 
by using appropriate values of R,j_^nd Cx- When 
the 3222 timer signals for refresh (Q output on the 
3222 goes low), single-shot Si is triggered. The 
timing interval of S| is 64 times the refresh cycle 
time of the memory devices (for memory devices 
requiring 64-cycle refresh). S\ allows astable multi- 
vibrator Ai to cycle through all 64 refresh addres- 
ses at the desired cycle time (e.g., 500 ns). Refresh 
addresses are counted automatically at the comple- 
tion of each refresh cycle. Note that Si is required 
because the Q output of the 3222 goes high after 
the first refresh cycle. 



TIMING SET FOR 



TTL LOADS 



STfirer INPUT 



VlH 

V|L 

VlH 



STRTEV 
DELAYED 



SET TIMING FOR SET ASTABLE TIME FOR 

' ' NtcvCLE Vcc * ' *CYCLE 




t-2 


ms 
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Figurell. Delay Line Effects 



.iHSHpe lS. Bunt Refresh Connections 
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16-Pin RAM Support Circuits 

The support circuits required for ' 16-pin dynamic 
RAMs differ from tliose required for 22-pin 
devices. The primary difference for 16-pin RAMs 

(both 4K and 16K) is the requirement for three- 
way multiplexing on the address lines. (Recall that 
a single address Hne performs the functions of row, 
cohmm, and refresh address.) The class of devices 
available for supporting 16-pin RAM memories are 
called Refresh Counter/ Address Multiplexers. The 
two devices of this type to be discussed in this 
Apphcation Brief are the Intel® 3232 and 3242. 
These devices are designed primarily for interface 
to the memory array when using 16-pin 4K and 
1 6K RAMs, respectively. 

The high packaging density realized by using 16- 
pin 4K RAMs is made possible by multiplexing the 
12 (14 for I6K) system addresses on 6 (7 for 16K) 
pins. Because the addresses are multiplexed, it is 
necessary to provide two strobe cloc ks. T hese 
clocks are caUed Row Addre ss Strobe (RA.S) and 
Column Address Strobe (CAS). 

The relationship of addresses to SiAtS and CAS is 
shown in Figure 14. Operation of these 16-pin 
RAMs requires a three-way multiplexer to provide 
for the following functions: 

1 . low-order system addresses for the Row Address 
Strobe. 

2. high-order system addresses during CAS. 

3. refresh addresses during refresh cycle. 



3232/3242 Operation 

Operation of the Intel® 3242 is identical to the 
3232, with one exception. This difference is that a 
7-bit, three-way multiplexer is provided on the 
3242 (allowing 14 system addresses, to be multi- 
plexed by the device). Otherwisei description of 
operation of the 3232 applies equally to the 3242. 

The pin configuration and logic diagram of the 
3232 is shown in Figure 15. For completeness the 
pin configuration and logic diagram for the 3242 is 
shown in Figure 16. 

The 3232/3242 provides four basie f»ctions: 

1 . Address multiplexing 

2. Refresh address counting 

3. Refresh address zero detect output 

4. Memory array address drive capability. 

Timing considerations for a system memory cycle 
and refresh cycle are shown in Figures 17 and 18, 
respectively. The logic operation is evident from 
Figures 15 and 16. 

The zero detect function provides a means of keep- 
ing track of refresh addresses during burst mode 
refresh cycles. When u.sing the 3232/3242 it is 
important to remember that momentary indica- 
tions of zero detect are likely when incrementing 
the refresh address counter. , 



r 




ADDRESSES ROW ADDRESS VALID 



NOTE: (11 HOLDING COLUMN ADDRESSES STABLE THROUGHOUT CAS IS NOT REQUIIIEO BY 
DEVICE. BUT IS DESIRABLE FROM SYSTEM STANDPOINT. 



'Pigun14. Pin Dfynamic RAM Clock Timing 
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PIN CONFIGURATION 



LOGIC DIAGRAM 



COUNT C 1 

A,C 3 
A,C 4 

A,t: S 

AaC « 

AoC ' 
AsC 8 

■ 

0, C 11 

GNdC 12 



3232 



23 ^ ROW ENABLE 

22 □A; 

21 □a,, 

" !i*i« 

15 □a, 

17 ^A, 

16 □ 63 

15 □ 6, • 

" 30i 

13 ^ ZERO DETECT 



NOTE: Aq THROUGH ARE ROW ADDRESSES. 

Ag THROUGH A„ ARE COLUMN ADDRESSES. 

f HUtM TABLE AND DEPtNllldNS: 



REFRESH 
ENABLE 


ROW 
ENABLE 


OUTPUT 


H 


X 


REFRESH ADDRESS 

(FROM INTERNAL COUNTER) 


L 


H 


ROW ADDRESS 
(Ao THROUGH Ag) 


L 


L 


COLUMN ADDRESS 
(As THROUGH All) 



COUNT - ADVANCES INTERNAL REFRESKCOUNTCn. 




ZERO DETECT - INDICATES A ZERO IN THE REFRESH 
(USED IN BURST REFRESH MODE). 



Figure 15. Pin Configuration and Lo^c Diagram 



coumC 1 

REFRESH ENABLE □ 2 

ROW ENABLE ^ 3 

N.C.t[ 4 

A,C 5 

A,C 6 

AjC 7 

A,C » 

A„C 9 

A,r '» 

o.C 11 

0,C 12 

Old " 

GNDQ 14 



PIN CONFIGURATION 



LOGIC DIAGRAM 



2' 3 A, 

26 □ A,3 

25 □a, 

24 □a.j 

23 Da, 

21 □Aj 

20 □ A,„ 

'S □ °, 

1» 3°3 

.2 Do, 
16 

15 □ ZERO DETECT 



NOTE: Ao THROUGH Ag ARE ROW ADDRESSES. 
Aj THROUGH A,, ARE COLUMN 

TRUTH TABLE AND DEFINITIONS: 



REFRESH 


ROW 
ENABLE 


OUTPUT 


H 


X 


REFRESH ADDRESS 

(FROM INTERNAL COUNTER) 


L 


H 


ROW ADDRESS 

(A(, THROUGH Ag) 


L 




COLUMN ADDRESS 
lA, THROUGH A, 3) 



COUNT -ADV ANCES INTERNAL REFRESH COUNTER. 
ZERO OEIECt~llll01CAIE$2Eae>4NW&4l)ffiir»- 
StSNIFICANT REFR^ GqiUNTER 





BITS lUSGD IN BURST REFR^ MOOE) 

Figui«16;. 3242 Piii Gonfiguratiaii iaml Logic Qiagram 
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3232/3242 System Considerations 

Interfacing the 3232/3242 to memory systems is 
very simple. An example of such an interface is 
shown in Figure 19. The 3232/3234 is specified for 

driving a capacitance load of 250 pF. Since the 
4K/16K address inputs are implemented with MOS 
devices, there is only low input leakage current in 
both the high and low logic states. The address 
input capacitance is a maximum of 7 pF on the 
Intel® 2104A (16-pin 4K RAM). This indicates 
that, if worst case address capacitance is assumed, 
the 3232/3242 can drive 32 RAM devices, taking 
into account stray line capacitance. A more de- 
tailed description of the 3232/3242 as a driver is 
found in the Driver Circuits for Memory Arrays 
Section, along with various other types of drivers. 

DRIVER CIRCUITS FOR MEMORY ARRAYS 

Drivers for semiconductor memory arrays fall into 

two general categories: 



1. Low level (TTL, ECL) to MOS level converter/ 
drivers (for MOS level clocks, etc.) 

2. TTL-TTL buffer drivers (for data lines, addres- 
ses, etc.). 

These categories are treated separately in this 
AppUcation Brief. 

TTL to MOS Level Converter/Drivers 

The continual improvement in TTL to MOS level 
drivers have kept pace with dynamic RAMs in 
ease of use. Gone are the days when drivers re- 
quired external components (such as transistors 
or capacitors) or an extra power supply (usually 
3V above the supply required for the memory). 
Today, there are several types of TTL-MOS drivers 
which require no external components nor addi- 
tional power supplies for proper operation. 
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Figure 17. System Cycle Timing Relationships 
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Figure 19. 3232/3242 Memory Array Interface 



Intel has produced a complete family of Quad High 
Voltage Clock Drivers as shown in Figure 20. Figure 
20 also sliows the pin configuration for each of the 

members of the driver family. 

The device speed, listed in Table II, is the max- 
imum worst case value from the data sheet. For 
consistency, each driver is specified with minimum, 
typical, and maximum delays whicli correspond to 
load values of 150, 200 and 250pF, respectively, 
which also correspond to the minimum, typical and 
maximum capacitance, respectively, of nine 2107B 
chip enable inputs plus associated stray capacitance. 

The two level gating structure, shown in the logic 
diagram, Figure 21, is common to all but the 3246. 
The gating, structure for the 3246 is shown in Fig- 
ure 28. 

The 324S is desired specifically to support the 
Intel® 21Q^7B, although its input mi output levels 
tnake it cmtipatlble with many ofher l?-elianhd 
MOS RAMs. A spedfic appUcation of the 3245 can 
be seen in the 2107B section of this handbook, 
where the Row Enable selection is accomplished 
by using this device. 




PIN NAMES 



DATA INPUTS 
ENABLE INPUTS 
REFRESH SELECT INPUT 



CLOCK CONTROL INPUT 



NO NO CONNECTION G . ECL GROUND REFERENCE 



DRIVER OUTPUTS 



+5V POWER SUPPLY 
+12V POWER SUPPLY 
-5.2V POWER SUPPLY 



F^re )Z0. ^uad Ctoek Driver Pin Conf igurttii^ 




FigUM 21. 3Z4S>12i|ftA9235 Quad Family Lq^ Diagram 



Table II. Quad Clock Drivels 



Device 

Type 


rnput Level ' 


Ouijput Level 


(1) 


Power 

Dissipation 


Povver 
Supplies 


V|L 


V|H 


Vol 


VoH 


3245 


0.8 


2.0 


0.45 


Vdd-0.5 


32nS 


485mW 


+5,+12 


3246 


-1.S00 


-1.025 


0.45 


Vdd-0.5 


30nS 




+5,+r2,-5.2 


5234 


2.0 


Vdd-2.0 


0.4 


Vdd-0.4 


lOOnS 


1.4mW 


+12 


5235/-1 


0.8 


2.0 


0.4 


Vdd-0.4 


90/1 20nS 


27mW 


+12 



Note: 1 . Maximum Delay and Transition Time Driving 1 TTL Gate and ZSOpF. 
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Table III. 3245 D.C. Characteristics 



Ta = 0°Cto 75°C, Vcc = 5.0V ±5%, Vpo = 12V ±5%. 



Symbol 


Parameter 


lUin. 


Max. 


Unit 


Test Conditions 


Icn 
'FD 


Input Load Current, h , '3* '4 




-0.25 


mA 


Vp = 0.45V 


'rt 


Input Load Current, R,C, Ef, E2 




-1.0 


mA 


Vp = 0.45V 




Data Input Leakage Current 




10 


HA 


Vr = 5.0V 


Ire 


Enable Input Leakage Current 




40 




Vr = 5.0V 


Vol 


Output Low Voltage 




0,45 


V 


loL = 5mA, V|H = 2V 


-1.0 




V 


Iql ~ -5mA 


VOH 


Output High Voltage 


Vdd-0.50 




v 


lOH V|L = 0.8V 




Vdd+10 


V 


'oh ~ 5mA 


V,L 


Input Low Voltage, All Inputs 




0.8 


V 




V|H 


Input High Voltage, All Inputs 


2 




V 





Table IV. 3245 Power Supply Current Drain and Power Dissipation 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Conditions — 1 nput states to 
ensure the following output states: 


Additional Test 
Conditions 


Ice 


Current from Vcc 


23 


30 


mA 






■dd 


Current from Voo 


19 


26 


mA 


High 




Pdi 


Power Dissipation 


365 


485 


mW 






Power Per Channel 


91 


121 


mW 




Vcc = 5.25V 


Ice 


Current from Vcc 


29 


39 


mA 




Vdd= 12.6V 


Idd 

Pd2 


Current from Vqd 
Power Dissipation 


12 
300 


15 

388 


mA 
mW 


Low 






Power Per Channel 


75 


97 


mW 







Table V. 3245 A.C. Characteristics. Ta = 0° to 75° C, Vcc = S.OV mt, Vdd 12V *8% 



Symbol 


Parameter 


Min.l11 


Typ.[2.4l 


Max. [31 


Unit 


Test Conditions 


t-+ 


Input to Output Delay 


5 


11 




ns 


^SERIES = 


tOR 


Delay Plus Rise Time 




20 


32 


ns 


^SERIES = 


t+- 


Input to Output Delay 


3 


7 




ns 


RSERIES = 


toF 


Delay Plus Fall Time 




18 


32 


ns 


RSERIES = 


tj 


Output Transition Time 


10 


17 


25 


ns 


RSERIES = 20n 


tDR 


Delay Plus Rise Time 




27 


38 


ns 


"series = 20n 



Notes: 1. Cl = 150pF (minimum Ct_ for 9 4K RAMs) 

2. Cl = 20«feF (typical Cl for 9 4K R AMs) . Typical values measured at = 25° C. 

3. Cl = 250pF (maximum Cl (or 9 4K RAMs). 

4. Refer to Figure 22 for waveforms used. 
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The 3245, whose pin configuration is shown in 
Figure 20a has DTL and TTL compatible inputs as 
shown in Table III. The D.C. characteristics and 
power dissipation for various outputs states is shown 
in Table IV. 



Table V 


. 3245 Input Capacitance 








Symbol 


Test 


Typ. 


Max. 


Unit 


C|N 


Input Capacitance, Ii,l2.'3'l4 


5 


8 


pF 


C|N 


Input Gapsci^tiee, R,cMiMs 


1 8 


12 


pF 




Figure 22. 3245 Wavefarim 



The A.C. characteristics are shown in Table V and , 
the capadtaace of the input pins is shown in Table 
VI. Figure 22 shows the threshold lewek used in de- 
termining the delays specified in Table V. 

Graphs showing the effect of capacitance loads on 
delay and rise times are shown in Figures 23a and b. 

Wavefoijns of the 3245 driver ill a 2107B systein 
are shown m Pipire 24a-d. The driver configura- 
tion used is shown in Figure 25. 

Figure 24 shows the leading and trailing edge of 
chip enable at both the beginning and ending of 
the printed line for an added series resistance R of 
ion. Note the transition time and overshoot for 
^.^each of these edges. The overshoot is worst case at 
the leading edge at the driver end and on the trail- 
ing edge at the end of the line. The trailing edge 
overshoot is 2.2V while the leading edge overshoot 
is 1.5V. Both values are very marginal for system 
operation. 

The effect of increasing the series resistance to 20S2 
for the above driver is shown in Figure 24. Note 
that the transition time has increased but is still 
within entirely acceptable limits and the over- 



shoots have been cut in half, the driver is now 
operating in an acceptable mode with minimal 
overshoot. 

The effect of high temperatures (70°C) on the 3245 
is shown in Figure 26. A 20n series resistor is used 
with the driver. 

The power dissipation values shown in Table II are 
based on worst case conditions; power supplies at 
maximum voltage levels and outputs co^tinyously 
enabled. In reaUty , the drivers operate on some duty 
cyct^|I^^^^^^J|jyte^#|l^^ syst@n eycle 
sp&^me^^S^ 'fo r^&^my lefetmihe tiee power 
dissipated by the, driver at a system level, calcula- 
tions shoul(f be performed ^ shown below. 

Referring to the 2107B chapter of this himdbook, 
the miiumvon timing for a 2107B is with CE hi^h 
for 23QnS and low for 130nS fora400nS ffliitetim 
cycle. The total power dissipated in the driver for 
each cycle will be the sum of the power as shown by 
equation (1). For each memory cycle, 1 of the 4 
driver elements will execute a cycle, while the other 
3 outputs will remain low. 



INPUT TO OUTPUT DELAY 
vs. LOAD CAPACITANCE 




LOAD CAPACITANCE IpFI 

(a) 



DELAV PLUS TRANSITION TIME 
VS. LOAD CAPAOTANCE 




100 200 300 400 SOO 
LOAD CAPACITANCE (pF) 
lb) 

Figure 23. 324S Delay and Tramition Timet as a Function 
of Lead Capacitance - 



11-13 



SUPPORT CIRCUITS 



TTL IN 
1V/DIV 
BEGINNING OF 
TRANSMISSION 
LINE 
TTL 
HEF 




CE CE 

2V/DIV 2V/DIV 

BEGINNING OF 
TRANSMISSION 
LINE 



END OF 

TRANSMISSION 

LINE 

CE 

REF 



T • 10 nS/OIV 



LEADING EDGE, R = lOil 
(a) 



END OF 

TRANSMISSION 
LINE 




TTL IN 
■ IV/DIV 



TTL 
REF 



T-lOnS/DIV 
TRAILING EDGE. R - 101) 
(bl 



END OF 

TRANSMISSION 



BEGINNING OF 
TRANSMISSION 

LINE 




CE 

2V/DIV 



BEGINWiUG OF 
TRANSMISSION 

LINE 



TTL 
REF 
END OF 

TRANSMISSION 
LINE 




LEADING EDGE. R ■= 20n 
le) 



TRAILING EDGE. R- ZOn 



Figure 24. 32*5 Typical DrniwiMwaforms 
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OraER MOS LEVEL DRIVERS 
3246 Operation 

The Intel® 3246 is a QUAD ECL to MOS Driver de- 
signed for driving 4K N-channe! MOS RAMs. The 
pin configuration and logic diagrams are shown in 
F^res 2f aasi 28. The device requires three power 
suppUes, VdD = 1 2V, VcC = +5 V and the ECL ref- 
erence voltage Vee of- 5.25 V. 





1 


16 


□ Vcc 




2 


15 


□°4 




3 


14 


ZjC 




4 


13 


ZlE" 


sc 


5 


12 


:3h 




6 


11 


□03 






10 


□« 




S 


9 






PIN NAMES 




r^-i^ DATA INPUTS 


0,-0 


4 DRIVER OUTPUTS 


E ENABLE INPUT 


"cc 


+6V POWER SUPPLY 


R REFRESH SELECT INPUT 


Vdd 


+12V POWER SUPPLY 


C CLOCK CONTROL INPUT 


Vee 


-6.2V POWER SUPPLY 




s 


EpL GROUND REF. 



Figure 28. 3246 Logic Diagram 



Tables VIII anitlX presents the DC cl5«eite*fettes, 
including the power supply drain and input and 
output levels. To aid overall system planning, the 
supply currents are shown for outputs hisA Mgh 
and low, so that power dissipation can besstelfcted 
as was dpne in the 2 1 07B ci^pter. 



Figure 27. 3246 Pin Configuration 



4. 



Table VIII. 3246 D.C. Characteristics 

Ta = 0°C to 75" C, Vcc = 5.0V ±5%, Vqd = 1 2V ±5%, Vge = -5.2V ±5%. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditiom 


Ifd 


Input Load Current, Ti,T2,T3,T4 




0.5 


mA 


Vp = -0.8V 


Ife 


Input Load Current, R, C, Ei, E2 




3.0 


mA 


Vp = -0.8V 


Vol 


Output Low Voltage 




0.4S 


V 


IOL = 10mA, V|H = -1.025V 


VoH 


OtWit MshvVoltage 


Vdd-0.5 




V 




V|L 


Input Low Voltage, All Inputs 




-1.500 


V 


. ,■ ^ ' .■, './JiV-.-. 


V|H 


Input IHigh Voltage, All Inputs 


-1.025 




V 


iliHUi^.:- Ml- 1 



Table IX. 3246 Power Supply Current Drain and Power Dissipation 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test conmm^ mm-mt^'^ 

ensure foiftewnr^ output '^tes: 


Addttitnnl'T^'' "■ 
CAnttNiBMi' 


Ice 


Current from Vcc 


20 


26 


mA 






Idd 


Current from Vdd 


22 


30 


mA 






Iee 


Current from VgE 


-31 


-39 


mA 


IHigh 




Pdi 


Power Dissipation 
Power Per Channel 


550 
137 


725 
181 


mW 
mW 




Vcc = 5.25 V 
Vdd = 12.6V 
Vee = 'Sj«? 


•cc 
■dd 


Current from Vcc 
Current from Vqd 


20 
14 


26 
20 


mA 
mA 




Iee 


Current from Vee 


-29 


-38 


mA 


/' vLew. 


i.iii.i , 


Pb2 


Power Dissipation 


440 


585 


mW 








Power Per Channel 


110 


146 


mW 


' i '. 
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Table X. 3246 A.C. Characteristics 

Ta = 0° to 75°C, Vcc = 5.0V ±5%, Vdd = 12V ±5%, Vee = -5.2V ±5%. 



Symbol 


Parameter 


Min.Ml 


Typ.121 


Max.t31 


Unit 


Test Conditions 


t-+ 


Input to Output Delay 


8 


12 




ns 


RSERIES = 


tOR 


Delay Plus Rise Time 




18 


30 


ns 


RSERIES = 


t+- 


Input to Output Delay 


8 


14 




ns 


RSERIES " 


tOF 


Delay Plus Fall Time 




25 


35 


ns 


^SERIES - 


tR 


Rise Time 


10 


17 


25 


ns 


RSERIES = 20SJ 


tUR 


Delay Rus Rise Time 






40 




RsERIES = 20S2 



Notes: 1. Cl = IBOpF (minimum C|_ for 9-4K RAMs). 

2. Cl = 200pF (typical Cl for 9-4K RAMs). Typical vahies measured at Ta = 25°C. 

3. Cl = 250pF (maximum Cl for 9-4K RAMs). 

4. Refer to Figure 29 for waveforms. 

\ . ■ 




Figure 29. 3246 Waveform 



The AC characteristics are shown in Table X, as 
specified with the waveforms shown in Ffipite 29. 

The capacitive load attached to the output of the 
driver will affect the effective device speed. For this 
reason, the AC characteristics are specified with ca- 
pacitive load values corresponding to typical system 
configurations. Figures 30a and b show the speed 
variations as a function of other capacitive loads. 

The input capacitance of the various input pins are 
shown in Table XI. 



Table XI. 3246 A.C. Characteristics' 

Ta = 25° C 



Symbol 


Test 


Typ. 


iVIax. 


Unit 




Input Capacitance, li, I2, 13, U.R 


4 


7 


pF 


C|N 


Input Capacitance, C,E 


8 


12 


pF 



DELAY PLUS TRANSITION TIME 
V& LOAD CAPACITANCE 




100 200 300 400 500 
LOAD CAPACITANCE (pF) 

(a) 



INPUT TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 




100 200 300 400 500 600 
LOAO CAPACITANCE (pF) 

(b) 

figure 30. 3246 Delays vs. Load Capacity 
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5234 and 5235 Operation 

The Intel® 5234 and 5235 are respectively CMOS 
to MOS and TTL to MOS drivers implemented with 
Silicon Gate CMOS technology. Because of the very 
low power drain each device is suitable for systems 
where battery backup is used. The pin configura- 
tion is shown in Figure 20b, and the logic configura- 
tion is shown in Figure 21. The DC characteristics 



are shown in Tables XTI and XIII for both devices. 

The AC characteristics for the 5234 are shown in 
Table XIV, with waveforms shown in Figure 31a. 
In a siniilar manner Table XV and Figure 3 1 b present 
the *C cliai^liristics and waveforms for the 5^5 . 

Pertinent input capadtaiK»jeifemiatie» is pies^^d 
in Table XVL 



Table XII. 5234 D.C. Characteristici 

Ta = 0°C to 70° C, VoD = 12V ±B%. 



Symbol 


Parameter 


Min. 


Typ.I11 


Max. 


Unit 


Test Cpnditiahs 


I'ul 


Input Load Current,li,^,^,l4 






0.1 




V|n?AK>Vdd 


Vol 


Output Low Vojtage ^ 




0.15 


0.4 


V 


loL**inA 


-1.0 


-0.15 






Iql = -5mA 




• 1 ^ - 
Output High Voltage , 


Vdd-0.4 


Vdd-0.15 




V 


Iqh = -5mA 




VDD+.15 


Vdd+o.b 




Iqh = 5mA 


; V|t' 


' - -■ii:--.--- .1 

Juptrt tow Voltage, Ajljt^uts 






2.0 


V 




V|H 


Input High Voltage, Alt, teputs 


Vdd-2.0 






V 




•dd 


Supply Current 




0.1 


100 


mA 


Vdd = 13.2V,,f = 


boi 


Supply Current 




13 


20 


mA 


Vdd = 13.2V. f = 1MHz. 
Cl = 0, (See Figure 15e) 


Notei: Typical values are at 25° C and nominal voltage. • J \ * 

Table XIII. 5235 D.p.,QH»;cteri!(t^ , 

Ta = 0°C to 70°C, Vqd = 1-2V ±10%. ,| , 


Symbol 


Pwameter 


Min. 


Typ.IH 


Max. 


Unit 


Test Conditions 


I'LlI 


Input Load Current . / 




0.1 


10 


ma 


V|N = <0.4V or >2.4V 


Vol 


Output Low Voltage 




0.15 


0.4 


V 


Iql - 5mA 


-1.0 


-0.15 




V 


Iql = -5mA 


VOH 


Ou^ut High Voltage 


Vdd-0.4 


Vdd-0.15 




V 


Iqh = -5mA 




Vdd+0.15 


Vdd+0.5 




Iqh = 5mA 


V|L ' 


Input Low Vdltagg, All Inputs 






qM 


V 




V|H 


Input High Voltage, All Inputs. 


2.0 






V 




Iqd 


Supply Current 




1.0 


2.0 


mA 


f = 0MH2 Vdd=13.2V 


'DDI 


Supply Current 

1 




12 


20 


mA 


f = 1MHz V,N<0.4Vor 

(See V|N>2.4V', 
Figure 1 5b) Cl = 0. 



Note 1 : Typical values are at 25'C and nominal voltage. 
Table XIV. 5234 A.C. Characteci^ties [ 
Ta = 0°Cto fO'C, Vpo = ±5%. 



Symbol 


Parameter 


Min.ni 


Tvp.12,41 


Max.131 


Unit 


Test Conditions 


t-+ 


Input to Output Delay 


20 


45 




ns 


RSERIES 


tOR 


Del.,: P'w. Rr,.' T Mil' 




70 


100 


ns 


RSERIES - 


t+- 


Input to Output Delay 


20 


45 




ns 


^SERIES = 


tDF 


Delay Plus Fall Time 




70 


100 


ns 


RsERIES = 


tT 


Output Transition Time 


10 


25 


40 


ns 


RsERIES = 



NOTES: 1. Cl= tSOpF 

2. Cl = 200pF 

3. Cl = 250pF _ 



tisese vatiies represent a range of 
tbtal stray plus clock capacitance 
for nine 4K RAMs. 



4. Typical li'atlUei ire rAdasured at 25 C. 
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Table XV. 5235 A.C. Characteristics 
Ta = O'C to 70°C, Vdd = 12V ±5%. 







5235-1 


5235 






Symbol 


Parameter 


Min.ni 


Typ.!2,4l 


Max, [31 


Min.ni 


Typ.12.41 


IVIax.I31 


Unit 


Test Conditions 


t- + 


Input to Output Delay 


20 


55 




20 


70 




ns 


RSERIES = 


tOR 


Delay Plus Rise Time 




75 


90 




95 


120 


ns 


RSERIES = 


t+- 


Input to Output Delay 


20 


55 




20 


70 




ns 


^SERIES = 


tDF 


Delay Plus Fall Time 




75 


90 




95 


120 


ns 


RSERIES = 


tT 


Transitiori Time 


10 


20 


40 


10 


25 


40 


ns 


^SERIES = 



NOTES: 1. C|_=150pF These values represent a range of 

2. Cl = 200pF — total stray plus clock capacitance 

3. Cl - 260pF J for nine 4K RAMs. 

4. Typical values are measured at 25° C. and nominal voltage. 




a. 5234 Wavsfdrmi 




b. 5235 Waveforms 

Figure 31. CMOS Driver Waveforms 



Table XVI 


. 5234/35 Capacitance 








Symbol 


Test 


Typ. 


Max. 


Unit 




Input Capacitance 


8 


14 





As has been pointed out before, the effective de- 
vice speed will vary as a function of the capacitive 
load which the device is driving. For determining 
driver speed with capacitive loads different from 
those mentioned in Table XIV or XV, Figure 32 or 
33 can be used to find typical delays. 

Because the 5234 and 5235 are implemented with 
CMOS tedinology, the power supply current will 
vary as a function of frequency. Figure 34 will aid 
in the calculation of power supply requirements, as 
it correlates the input frequency to Ipj). 

Figure 35 shows the variation in VJL and VlH as a 
function of tDR and tpF- 

5234 INPUT TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 




too 2I» 300 400 SOO 
LOAD CAPACITANCE (pF) 

(a) 

5234 DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE 




20D 300 400 501 
LOAD CAPACITANCE IpFI 

(b) 

Figure 32. Output Charscteristia 
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S23S INPUT TO OUTPUT DELAY 

VS. LOAD la^memkN^ 



5235 DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE 





200 300 
LOAD CAPACITANCE (pF) 



LOAD CAPACITANCE (pFI 

Figure 33. 5235 Delay vs. Capacitance 



5234 POWER SUiVLY CURRENT VS. FREQUENCY i 




S«^remn S««WTqWRB«NT VS. FREQUENCY 



GUARANTEED 




lP.1 «j tJS IJO 2J> SXI WJ> 



Figure 34. 5234/5235 Switching Frequency vs. Iqq Current 



DELAY PLUS TRANSITION TIME 
VS. INPUT VOLTAGE 



fiSLA^PLiJS TRANSITION TIME 
VS. IWPUT VOLTAGE 





Figure 35. 5235 Delay Plus Transition Time vs. V|l and V|H. 



11-19 



SUPPORT CIRCUITS 



SYSTE^tS CONSpERATIONS 
Because MOS level driveis are used primarily to 
drive the timing clock on 4K RAMs» the clock 
drivers are subjected to more stringent require- 
ments than TTL level drivers. These requirements 
are usually on driver transition time and high and 
low output levels. In addition, drivers for MOS 
level clocks should have minimum power dissipa- 
tion when their output is in the low or inactive 
state to minimize system standby power. 

A typical system configuration using tlie 3245 in 
a 2107B memory system is shown in Figure 36. 



Note that each driver output drives 9 devices with 
the driveis placed in the middle of the array. It is 
important to place the drivers as close as possible 
to the clock inputs. This minimizes adverse trans- 
mission line effects. 

When several memory cards are used in a system, 
the drivers can be used as logic gates inhibiting 
those memory devices not in use. The necessary 
logic to perform this function is shown in Figure 
36. Using this method of decoding, up to four 
memory cards can be accommodated in the system. 



CAROO 



CARD C 



CARD B 





IROW 4U 




CHIP abkte 



CARD A 
[ DRIVER 2 ^ 

' O, O, ~J 





(ROW 3L) 




CHIP ENABLE 





IROW 21,1 




CHIP ENABLE 





(ROW ID 




CHIP ENABLE 





{R0W4Rt 






d)1(l>fNA£E 





DRIVER 1 
32« 



0,0, 





(ROW 3R) 




CHIP ENABLE 





(ROW 2R) 




CHIP ENABLE 





<ROW 1R) 




CHIP ENABLE 



SEE TABLE 1 » 
SEE TABLE 1 »- 




DRIVER 1 RS(1) 

DRIVER 2 (RS(3)] 



DRIVER 1 RS12) 
DRIVEp 2 [R^l 



CHIP ENABLE 





INPUTS 


CARD 




E2 


A 


ENABLE M 


ENABLE P 


B 


ENABLEM 


ENABLE'Q 


C 


ENABLE N 


ENABLE P 


D 


ENABLE N 












* 


INTEL® 






3205 






1 OF 8 






BINARY 






DECODER 





Figure 36. 3245SyM«n 
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The characteristics of the MOiS level waveform 
generated by the 3245 depends on several factors: 
load capacitance, transmission line characteristics, 
driver placement relative to memory array, etc. In 
most systems, it is necessary to add a series termi- 
nating resistor on the output of the driver (see 
Figure 36) to more closely match the characteris- 
tics of the transmission line. The effect of adding a 
series terminating resistor is shown in Figure 37. 
The two extremes of resistance (Rj = OQ, and Rs = 
Sm) is clearly evident for a load of 250 pF. With 
Rs = 0S2, the overshoot on the clock driver is exces- 



sive arid will lead to marginal system operation. 
The over/undershoots shown will not damage MOS 
devices. If the series resistence is too high, the = 
51^2, the effect is to significantly slow the clock 
transition times. Since 4K dynamic devices use the 
chip enable clock to initiate internal timing, the 
rising transistion of this external clock has a max- 
imum limit. On the other hand, too fast a transition 
can introduce noise or cause marginal device oper- 
ation. It is therefore necessary to control the transi- 
tion time so that it is neither too fast nor too slow. 




Figure 37. Effect of Series Terminating Resistor on MOS Level Driver 



Table XVII. Summary of 3245 Driver Board Delay Measurements 



NUMBER 21078 LOADS 
AND CIRCUIT CONFIGURATION 


MEASURED CONDITIONS 
INPUT TO OUTPUT DELAY 


measured 

delay'^' 
plus rise 


measured 

delay'"' 

PL ' . L 






TYP. 


worst'^1 

CASE 


TYP. 


worst'^' 

CASE 


TYP. 


worst'^' 

CASE 


TYP. 


worst'*' 

CASE 


3245 18 loads'^' R = 20n 


12 


12 


10 


10 


34 


37 


33 


35 


3245 9 LOADS R = 200 


11 




10 




30 


33'" 


25 


27171 



NOTES: 

1. TTL 1,5 to V, 



SS 

Z TTL 1.5 to Vqp -1 volt 

3. TTL1.5toV0Q'1volt 

4. TTL l.Slo V^+1 volt 



+ 1 volt 



5. Worst case driver on board aX 70 C and 5"b power SMPpty \fj9fi?tipB. 

6. 18 loads 20n split resistor (see Figure 25). 

7. Prelected from 18 load delay. 



(1) 

Protal = ^ + ~-x PoH + X FbL * ?'X BOL 



ti t, 



eye 



^cyc 



.gHpj? 250 152^^^ 

I . , ■ ■ 

3 X i97 - 892.6 MW/Qydft far '»!H07B'g; 
1 fow $>; 9 teti>ll!ia I . ^ ; 

Where: 

Ptotal = Total power per cycle dissipated per 
3245 driver. 

C = input capacitance for 9 2107B pE inputs = 
17pF X 9 = 153pF. 



V = (Vdd-2)-(Vss+2) = 8V. 

tr = CE transition time = 20nS. 

toe = CE high time = 230nS + tranaticm r 

t|g ^ fil lpir time = 130ns + transition tia!|»,f .;j 

%8<^ mtmms cycle time = 400iiS. 

POH = 3245 powar per driver for output 

high = 121mW. 
Pol ~ 3245 power per driver for output 

low = 97mWl • 
All valuies vmd are based on tbe 2107B system de- 
scribed in Section II. Noitiinal supply voltages and 
typical values were used where applicable. 

The Motorola MC3460 and the National DS3644/ 
3674 are alternate sources to the 3245. 
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The results of tests made on the board shown in 
Figure 36, of a typical 3245 driver driving 18 loads 
and 9 loads is shown in Table XVII. Note that the 
delay does not change appreciably with temperature 
but the transition time increased approximately 
2-3 nsec from 25°C to 70°C. Calculation of driver 
power is shown in Equation 1 . 

Transmission Line Effect 

The physical placement of the clock driver in close 
proximity to the memory array is an important 
design requirement. An equivalent circuit of the 
transmission line from the driver through the 
memory array is shown in Figure 38. The first 
section of transmission line, L, consists solely of 
the printed trace etch. At the memory array, the 
transmission line characteristics are significantly 
modified by the load of the chip enable inputs. 
While this load effects both the delay and imped- 
ance characteristics of the line, the primary effect 
observed by the system designer is the effect of the 
line impedance variation. The mismatch between 
the two sections of transmission lines is approxi- 
mated by: 



and 



Z2 =V^ 



where: 

Zi,Z2 = impedance of sections L] and Lj, 
respectively 

L = per unit length inductance of Une 
(assunke cdnstant for entire length of 

line) 

Ci = per unit length capacitance of Lj 

Cj - per unit length capacitance of 

Since the per unit length inductance is assumed 
constant for the transmissions line, the impedance 
mismatch is approximated by: 

Assuming the meftiory devices are'ftn 0.5-in. 
centers in the array with each chip enable input 
typically 1 7 pF, C2 is equivalent to: 

C2 = Ci + 2 (17 pF) = Ci + 34 pF/in. 
Therefore, the impedance ratio is: 

2^ =^34 = 5.8 Since Ci < 34 pF/in. 

There is, therefore, almost a 6:1 impedance differ- 
ence between the two linesj 



It is evident that if the clock driver is far removed 
from the memory array (Lj is large) the effect of 
the mismatch is greatly magnified. Figure 39 shows 
a typical clock driver waveform. The "step" shown 
in the middle of the rising transition is the result 
of line mismatch. The severity of the "step" is a 
direct function of the length of segment L], 

The placement of the MOS level clock driver close 
to the memory array is important to minimize 
ground (Vgs) and power supply (Vdd) noise. It is 
important to have ground traces between the 
memory array and MOS level drivers as short as 
possible. An example of an acceptable and margin- 
al power distribution is shown in Figure 40. 
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Figure 38. Typical Transmission Line on MOS Level Driver 
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Figure 39. Effect of Transmission Line Mismatch 
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Electrical Characteristics 
Over Temperature 






Type 


Description 


No. 
o( 
Pins 


Input 

to 
Output 
Delay Max. 


Power 
Dissipation[1] 
Maximum 


1 

Supplies[V] 




3205 


1 of 8 Binary Decoder 


16 


18ns 


350mW 


+5 




3207A 


Quad Bipolar to MOS Level 
Shifter and Driver 


16 


25ns 


900mW 


*5. +16. -HQ 




3207A-1 


Quad Bipolar to MOS Level 
Sfiifter and Driver 


16 


25ns 


IIMOmW 


+5. +19. +22 


< 


3208A 


Hex Sense Amp for MOS Memories 


18 




600mW 


+5 


POL, 


3222 


4K Oynaknic ({AM: MnsI) Controller 


22 






+5 


TKY Bl 


3232 


4K Dynajmie RAM Address 
Multiplexer and Refresh Counter 


24 


saw 


7SMW 


+5 


SCHOT 


3242 


16K Dynamic RAM Address 
Multiplexer and Refresh Counter 


28 


20ns 


625mW 


+5 


324S 


Quad TTL to MOS Driver for 
4K RAMS 


16 


32ns 


388mW 


+12. +5 




34M 


High Speed 6-Bit Latch 


16 


12ris 


375mW 


+5 




34IMA 


Hex Sense Amp and Latch for 
MOS Memories 


18 


25ns 


625mW 


+5 


a> 


5235 


Quad Ldv» Power TTL to MOS 

Driver for 4K RAMS 


16 


125ns 


240m W 


12 


O 

u 


5235-1 


High Speed Quad Low Power TTL 
to MOS Driver for 4K RAMs 


16 


95ns 


240m W 


12 




5244 


Quad C^O Driver 


16 




1260mW 


12 



l4ote 1. Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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INTRODUCTION , | 

High spieed AieBtory siy-stems (system access in the 
50 - lOOnsec range) have in the past only been 
implemented with bipolar devices. Bipolar RAMs 
are generally characterized as very high speed, rela- 
tively high powered, and high bit cost devices. The 
speed characteristic of the bipolar device, necessary 
for system operation, usually outweighed the 
power penalty that was paid to obtain the sjfstw 
speed. 

MOS technology is characterized as having very 
high bit densities, very low operating and standby 
power, with relatively slow access time and low bit 
cost. However, recent advances have now allowed 
bipolar speeds to be achieved and at the same time 
retaining MOS power d^ipaticm With lew co^'. ' 

Now, the best of both worlds, in tlie design of the 
memory system with Bipolar speeds and MOS 
pti#er dissipation combined, ispoSsifcte. 

In new designs of memory systems, the user is able 
to take advantage of low power characteristic of 
.\10S with minimum power supplies, thereby re- 
ducing overall system cost. In addition, the lower 
bit cost of MOS can help to reduce system costs 
further. 

The advaatage' of mpMmg Bipolat dewees-with 
memtay devtes te ' existing desi^s is to .leditce 
devtee eosts in addition to sa.vingst «Mt tower power 
requirements. i 

When upgrading existing systems to benefit from 
MOS characteristics, the user begins to realize 
possible potential problems in interfacing Bipolar 
and MOS devices simultaneously. For MOS and 
Bipolar to be truly compatible, not only must 
access and cycle timings be equal, but all inter- 
mediate timing considerations for MOS must be 
at least equal or better to those of the Bipo}ar4 

In this article we will describe the operation of a 
static RAM memory board using both Bipolar and 
MOS menjujiy de^cis together. , l 

liitel's 21 15A/2125A is designed to be . pin for pin 
and tuning compatible with Fairchild's 934 15 A/ 
25A. We begin with a summary of the device char- 
acteristics (similarities and differences), compati- 
bilities operating together at the board level, and 
suramariie tfa@ varipuS present ^nd future possi- 
bilities of hi^ sfiiei Mop memory syst«m|. 

BIPOLAR/MOS SPldBFICATlON SUMMARY 

The specifications Intel's 212SA Mid Fairchild's 
93425A are similar and shown below. (Fairchild's 
93425 A data sheet dated 8/74.) 



Tte. Similarities: . ; 

tAA (AdflWss Access' tirne) : i\' 

tACS (Chip Select Tune) >,C? jOns 

tRCS (Chip Select Recovery Time) 30ns 

tWSCS (Chip Select Set-Up Time) 5ns 

tWHCS (Chip Select Hold Time) 5ns 

tWSA (Address Set-Up Time) 5ns 

tWHA (Address Hold Time) 5ns 

Differences 93425A . . .,2,12SA 

tWS (Write Enable Time) .... i i SOas'^ • > 
tWSD {Dafta»Set-lIp mat to Wieite) (teS >' 
tW'- -ClWte^llSft'Wdfli) ..... 35ns • '3€*b 
IlL #»|W tow ©Brr»t) . . -408mA ^4%A 
Ice ^^»e¥'€lipiplyCui«at)!. 13toA''^ 10mA 
Power Dissipation 0.5 mW/bit Gf;3niW/bit 

MOS/BIPOLAR SYSTEM COMPATIBILITY 

In evaluating the compatibility between MOS and 
Bipolar devices, it is necessary to examine the char- 
acteristics of a memory system which uses both 
devices on the same board, in the evaluation pri- 
mary emphasis is placed on analyzing those char- 
acteristics found in the data sheet specifications 
which may have a negative impact on system level 
compatibility. 

The memory system used to perform this MOS/ 
Bipol^ spi^ c(»npatifai|ity J^iifec^ i^J'^re 1. 




2 


3 


4 


5 


6 


1 
















i 




i 


i 




i 




DDDDDDDD 




D 
□ 

D 



iiii J 



DC 



Memory 
Q TT L Logic 



Figure 1. MOS/Bipolar Evaluation Board. 
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The system analysis performed considers the 
following system related characteristics: 

1 ) Device placement 

2) Timing requirements 

3) Power characteristics 

Each of the above characteristics is explained as 
to their effect on a system in the following sections. 

DEVICE PLACEMENT 

The ultimate test of system level compatibility be- 
tween devices is whether or not these devices can 
be treated as "black boxes". For MOS high speed 
de^rices to be universally accepted in new and exist- 
ing systems, they must be able to replace existing 
bipolar at any location on the memory card. The 
configurations of interest are shown in Figure 2 
and Figure 3. 

The configurations in Figure 2 are as follows (label 
numbers refer to configuration shown in Figure 2): 

label 

Number Comments 

(1) Determines compatibility along tiie Doiit 
OR tie between devices, e.g., it' bipolar 
device turns off (or vice versa) excessive 
transient current will be drawn in power 
supply and data out line. 

(2) (3) Established to provide a "standard" for a 
row of MOS and bipolar during testing. 
Determine loading change (if any) on 
inputs — Particularly CS. 

(4) Examines capacitive and leakage loading 
effects on data out line. Effects, if any, 
on access time are evaluated. 



(5) Determines address line capacitive and 
leakage loading effect. Provides informa- 
tion on possible system level sensitivities 
to either "too" fast or "too" slow address 
transition time effecting address valid 
time (for tAA measurements). 

Figure 3 is a configuration likely to be encountered 
when a MOS device is used to replace a defective 
bipolar device in an existing storage card. (Of course 
it is always possible that a MOS device will fail and 
Iia\ e to be replaced by a bipolar device ... even that 
possibihty is considered.) 

The condition shown by label (1) Figure 2 is best 
analyzed by considering the circuit configuration 
shown in Figure 4. 

Opposite data is loaded into devices (1) and (2) in 
Figure 4. A read operation is performed by toggling 
chip select as shown in Figure 4b, If the device be- 
ing deselected goes to the high impedence state too 
slowly while the device being selected accesses data 
too rapidly, a large transient current spike in the 
data-out output will occur during the time both 
devices are ON. Time to represents the case where 
a slow bipolar device may cause a transient spike 
while time t] represents the case where a slow 
MOS device may cause a similar spike. Photos 
showing these conditions as a function of CS, CS2 
overlap are shown in Figure 5. 

The width and height of the current spike are a 
function of the amount of overlap of the respec- 
tive CS. Normal system timing requirements 
should be such that neither device is turned ON (or 
OFF)while the neighbor device, on the data-out 
line is still active. 
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Figure 2. M0S/Bii>o1ar 'Evaluation Board Poprfation. 



Figures. Isolatad MOS Davioe On Bipolar Stsirege Card. 
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Figure 4. Iq Circuit Configuration IMkiiurement. 



However, when the system timing is designed such 
that a row to deselected at the same time another 
row is sdeeted, the de^gner must assure himself 

Hie f^mm mmm ia Figures S aiid S'teli^eii^' 
these @mdllli^is^<P||ure Sa, b, c^ mm tfie 
tiea ti» » m^itm> 4Sivm toMMf I 

through the data out buffers is shown in Figures 
5b and c for different deselection times. It is im- 
pcntant to note that for deselectioa tiines shown it 
roafc^ no dilfeimE^ whether or not &e deuces 
used are affi t^Iar, all MOS, or ai, mixtme of tiie 
two. The transient spike shown is similar for all 
three conditions. 

Figures 6a, b, and c show the condition for a MOS 
device turning OFF while a bipolar device is turn- 
ing ON. The transient spilces shown are again in- 
dependent of the use of bipolar, MOS, or a com- 
bination of devices. 

The analysis and photos showing the effect on the 
data-out line between MOS and bipolar devices has 
demonstrated their compatibility in a data out OR 
tie condition. Subsequent analysis of timing para- 
meters will show that, as far as system timing is 
concerned, there is no difference between MOS 
and bipolar (both are equally fast). 

LOADING EFFECTS 

There are two basic loading effects to be considered : 
"horizontal" and "vertical". A horizontal loading 
effect refers to a typical_ printed circuit board lay- 
out where the address CS and write enable lines are 
distributed horizontally. The "vertical loading 
effect is along the data in and data out directions; 
usually laid out vertically. 




a) Bipolar /MOS CS With Bipolar Turning Off LaM. 




b) Bipolar /MOS Data Out Current Spike. 




e) BipolAiylllQS GMt> Out Gi^rnit Spitef 



Figure 5. Bipolar OFF/MOS ON Current Transients. 
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a) Bipolar /MOS CS With MOS Turning Off Late. 




b) Bipolar /MOS Data Out Current Spike. 



The horizontal loading effects and changes (if any) 
between MOS and bipolar are demonstrated by 
configurations 2 and 3 in Figure 2. CS is chjpsen to 
show this effect. If the capacitance loading of CS is 
significantly different between MOS and bipolar,', 
than a difference in the CS waveform would be ' 
expected to occur. Figure 7 shows the CS wave- 
form for a row of all MOS and a row of all bi- 
polar devices. From this figure, it is evident that 
the capacitive loading effect of MOS and bipolar 
are comparable. However, due to the higher load- 
ing currents, the low level input can be expected 
to be typically higher for bipolar than for MOS on 
the inputs. The noise margin for a bipolar system 
is therefore, somewhat reduced from that of a 
MOS system. Configuration 4 in Figure 2 considers 
the differences (if any) in the loading effects of OR 
tieing data out lines. The primary difference due to 
capacitance loading would be a change in access 
time due to this loading. Specifications for both bi- 
polar and MOS devices indicate comparable capaci- 
tive loads. The effect of these two devices on each 
other in a system environment, does not impair the 
system. 

TIMING REQUIREMENTS 

When considering device specifications for a 
memory board, one of the most critical aspects is 
timing. If changes to the timing were required, 
when changing to MOS from bipolar (even with the 
same access time) device compatibility could not 
be claimed. 
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Selected plots showing critical timing parameter 
tested for different device configurations on a 
board is shown in Figure 8. As is shown in these 
figures, both MOS and bipolar are well within 
worst case device specifications over temperature 
and voltage. 

POWER CHARACTERISTICS 

The use of the 2115A/2125A 'ln'a:'high speed 
memory system replacing bipolar devices causes 
no change in system characteristics .... except one. 
That of course is power dissipated in the system. 
The 2115A/2125A devices are much lower in 
power than their bipolar counterparts. Table 1 
summarizes the system level power when using 




o°c 

ROW A 151 213SA's 
(3) 33425A'! 

ROW B (51 93425A-S 
(31 2125A's 



all bipolar and all MOS devices. Reducing power, 
of course, reduces system operating temperature. 
This reduction in operating temperature improves 
semiconductor reliabiUty. Equally important to 
lowering temperature is that lower power results 
in.l®«if f ow6rnfl|j^ ecsts. 

Table I. MOS/Bipeilar Potwer Disiipation. 



Device 


Pwr/bit 


Total bits 


Total/Pwr 


934?5A 

mtA ■'■ 


OJmW 


32,768 
32,758 


I6.3f4watts 
9.836»fttts 



SUMMARY 

The compatibility between the 2115A/2125A and 
the 93425A family has been demonstrated. The 
designer now has the opiiortunity to achieve very 
high speed operation and siinultaneously ^ achieve 
low memory system power dissipation. 



SEE FIG. 1 
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' SEE FIG. 1 






ROWB 


ROW A 




75'C 1 






ROW A (5) 2125A's 






L (3) 93425A's 






\ ROW B (5) 93425A's 






\ (31 2125A's ' 






1 1 



Figure 8. Vcc tAA '<"■ Various Temperatures. 
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Enter 
the 16,384-bit RAM 



The densest-yet random-access-memory chip 
has a two-tevel cell structure, plus a 1 6-pin package 
that can slip straight into a 4-k socket 

by Jim E. Coe and William G. Oldham, inMCorp .smaciara, caiii. 



□ A triumph of semiconductor device technology, the 
16,384-bit random-access memory has arrived. Its bit 
density is unprecedented and springs from an enhanced 
n-channel silicon-gate technique, in which a double 
level of polysilicon conductors shrinks the memory cell 
to 450 micrometers square. That's less than half the cell 
size in the densest 4,096-bit ram. 

The achievement is the latest in a long line of 
achievements that have doubled memory-chip bit den- 
sity virtually every year since 1969 (Fig. 1). That year 
witnessed the arrival of Intel's 1101 256-bit p-channel 
RAM. Then came the three-transistor cell of the 
p-channel 1103, adopted by industry as its 1,024-bit 
standard, and most recently the silicon-gate process pro- 
duced the one-transistor-cell n-channel 4-k ram. 

As for memory costs, the 16-k ram promises to cut 
them dramatically. Compared to present 4-k designs, 
the 16-k device offers the designer four times as much 
memory at no increase in equivalent system costs. An 
example of a 1-million-bit memory system built around 
16-k R.\Ms is shown below: 64 packages, plus all the re- 
quired peripheral circuitry, tit on a board of the size 
that today accommodates only a quarter of a million 
bits of 4-k RAM. And to judge by previous experience, 
which indicates at least a two-to-one cost savings as 



each new device generation matures, the 16-k system 
will become even more attractive. 

Moreover, system specialists can expect the 16-k tech- 
nology to mature much faster than did the 4-k ram 
technology. The new chip is an extension of, rather than 
a radical departure from, the n-channel process used in 
today's standard 4-k devices. Even its most innovative 
feature— the double polysilicon level— is borrowed from 
charge-coupled block-memory designs that are already 
in production. So a high degree of 16-k reliabiUty 
should build up quickly. , 

Why the cell shrinks j 

Basically, there are two elements in a one-transistor 
cell: the storage capacitor, which holds the charge quan- 
tity appropriate to a logic 1 or 0, and the transistor it- 
self, which acts as a switch, dumping the capacitc|T's 
charge onto the bit sense line for sensing. In the cell of a 
4-k RAM (Fig. 2a), transistor and capacitor sit side by 
side in the same plane, and a single level of polysilicon 
is used both as an interconnection and as one capacitor 
element. Clearly, space could be saved if the capacitor 
sat under the transistor and a second level of polysilicon 
made the interconnection. 

That's what's done in the cell of the 16-k ram (Fig. 



Four flmes the immory. Intel's new 16,384-bit random-access-memory chip, tne 2115, packs 1 million bits onto a memory board of the size 
that now holds 250,000 bits of 4,096-blt RAM. The two 1 6-pin RAM chips are pin-compatible. Board Is organized as 64,obo il 6-blt words. 
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2b). The first polysilicon layer serves as one capacitor 
element, while the second serves as the gate contact and 
interconnection. Since a diffused region (transistor 
source) is no longer needed between gate and capacitor, 
still more space is saved. What's more, the cell even op- 
erates more efficiently because a diffused bit-sense line 
can be used rather than a deposited metal one, which 
has higher parasitic capacitance. The entire cell 
squeezes into an area that is only about 45Q microme- 
ters square, or about half the area occupied by the 4-k 
RAM's cell (Fig. 3). 

A side result of the smaller cell is that the storage ca- 
pacitor m the 16-k cell has about half the capacitance of 
the 4-k cell.' Actjial figures are 0.03 picofara4 as against 



0.07 pF. This could result in smaller bit-sense-line sig- 
nals to the sense amplifier if it weren't for the fact that 
the 16-k cells are both smaller and closer together than 
in the 4-k RAM. This tightened geometry reduces the 
per-cell parasitic capacitance of the bit line still further 
and compensates for the lower cell capacitance. The 16-. 
k RAM therefore presents its sense ampUflers with, differ- , 
ential signals of about 200 millivolts— no smsUeS' thafl! 
those found in the 4-k ram. - | 

Designing the 16-k chip 

The Intel 2116 RAM uses the kind of double-level 
polysilicon cell just described. Although a 16,384«sv.pr^-, 
hy-l/bit RAH.'COuld have fitted in a 20- or 22-pin faik- 




POLYSILICON POLYSILICON 
WORD LINE CAPACITOR 



METAL BIT LINE 



-J GATE V J—JHt-J 



SOUftCE INVERSlliN 



(a) 4,09e-BrT R>VSlD0M-ACCESS-MEMOBY CELL 



OIFFUSED 
BIT LINE 



, CONTACT 
(liPER BIT! 



POLYSILICON 
•SELECT GATE 



POLYSILICON 
CAPACITOR 



imrAlIIMlRD LINE 




OffFUSEDBlf LINE 



,ROLYSll.lE.QN OTLySIHCON, ' 
SELECT GATE CAPACITOR 



Ibl 16,384-BIT RANDOM-ACCESS MEMORY CELL 



2. Double layer. The memory cell of the 1 6-k RAM saves space by placing the capacitor element beneath the transistor and using two sepa- 
rate polysilicon interconnectlqris. In 4-k RAN/fe, a siria|e.p,olys)lteon layer serves both ttansistpr and capacitor, which are on the same plane. 
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WORD 
LINE 



POLYSILICON 
CAPACITOR 



INVERSION I 
LAYER I 



-40 iim - 



(a) 4-K RAM 



L 



WORD 
LINE 



13 iim 



(b) 16-KFIAM 



POLYSILICON 1 



CELL A 



POLYSILICON 1 



POLY 2 I 
J 



- 35 Mm - 



WORD) 
LINE 1 



3. Compact layout Thanks to its two levels of polysilicon, the 16-k cell occupies half the area of a 4-k ceii with its single level. The 16-k cell 
needs only 450 square micrometers and has about 0.03 pF of capacitance, but stili presents a 200-mV data signal to the sense amplifier. 
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4. Organization. The 2116 chip is laid out as two 8.192-bit RAMs 
sharing a column decoder. Each 8-k RAM consists of two balanced 
32-by-l 28-bit arrays sharing 128 sense amplifiers Address se- 
lects the top or bottom 8-k half, leaving the other half inactive. 



age, the 21 16 was chosen to be compatible with existing 
16-pm 4-k RAMS. This configuration afl'ords greatest 
memory density and lowest package cost. For instance, 
like the 16-pin 4-k, the 16-k's address lines are multi- 
plexed. But that is now standard practice for users of 
4-k 16-pin devices, such as Intel's 2104. Fourteen ad- 
dresses are multiplexed on seven of the 2 1 16's pins, with 
the seventh address pin obtained by eliminating the 
chip-select input used on the 2104. 

The block diagram and chart of Fig. 4 explain the or- 
ganization of the 2116. The chip is arranged as two 8-k 
RAMS sharing a column decoder. Each 8-k RAM is orga- 
nized as two balanced 32-by-128-bit arrays, sharing 128 
sense amplifiers. In normal operation, address Ae selects 
the top or bottom 8-k half, and the other 8-k half is kept 
inactive to conserve power. 

Like the 4-k ram, the 2116 generates all clock signals 
internally. A static input buff er converts the TTL level of 
the row address select. RAS to MOS levels (Fig. 5a), To 
reduce the effect of the large capacitance associated 
with the drain of the input device Qi. a transistor oper- 
ating in a common-gate configuration (Q2) is inserted 
between the MOS output and the drain of Qi. This 
scheme permits fairly high buffer speed with minimal 
standby power consumption— typicaUy, 40 ns delay with 
1-milliampere standby. 

Sensing the small signal 

Shown in Fig. 5 is a schematic of the data sense am- 
plifier. Its design is key to the proper operation of a 16-k 
device. It must detect the small, 200-mv signals read out 
from the cell, and it must also keep power consumption 
low— after all, there are 256 such amplifiers on the chip 
and large unit power dissipation would be disastrous. 

In order to pick up the small signals, the otherwise 
straightforward flip-flop sense amplifier incorporates a 
reference cell. In order to reduce the power consump- 
tion, the load devices of the sense amplifier switch off 
after information has been written into or restored to 
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5. The periphery; The static butter (a) converts TTL column select signals to iiigher MOS levels. To sense low-level ^at^^'^^^f^fftfeft 
cell teams up v^rith a flip-flop sense amplifier (b). To save pov^er, load devices svi/itch oft when sense amplifier is idle. 



the cell. The load devices also serve to precharge the bit 
linei to minimize device count and input capacitance. 

The 16,384 memtay cells of the 2116 could increase 
the &m^mii^'^Sj0-meedtd to refresh the memory. To 
tainiaMsthiS'Sverhfead, the ^l lfiiorganization is modi- 
fied iarthe refresh mode. The ' refresh ■ sigtta l. is .m ttlti- 
plexed en the column-adartss-select -signal CAS" (Fig. 
4). That is, if CAS is val id at the leading edge of the 
row-address-select signal RAS, it's recognized as a re- 
fresh operation. The output then goes to the high-im- 
pedance state. As is ignored, and all cells on the word 
line selected by Ao to As are refreshed in both 8-k 
halves of the ram. Only 64 refresh cycles are therefore 
required to refresh the entire memory. (The various re- 
fresh modes available with the 21 16 alfe discussed in de- 
tail later.) 

As for device characteristics and performance, the 
2116 operates from standard dynamic-RAM power-sup- 
pUes (-H2 volt, +5. Vj aad -5 v) over an ambient tem- 
perature range of 0°-C to IQ'C. AJl its input and output 
^pals, including it» tm> «lodcs, areTn.-compatible..Ils 
speed ranges afe id^ttical viStfe those of 4-lt«iAMs ' 
like the 2104: maximum .access tkles are 250, 300, 'or 
350 ns, and read/write cycle times are 375, 425, oi 500 
a$> Typical -operating power is less thsn 700 miUi^'tts, 
and' tyj^cafMa'ndby' power is less titan 1 l^mw: 

The upwardly mobile system design 

Because the 21 16 fits the same socket as the 2104 and 
other 16-pin 4-k RAMs, an engineer can design a system 
around the 4-k device for later, easy upgrading into one 
based on the 16-k device. His reWKd fihte Siffl '!fee> a 
quadrupled bit density. 

The compatibility between the two memory chips de- 
pends on making the 2104's chip-select input the 
equivalent' of the seventh multiple]»d adidress input 
(As) of the.^i:^ll-&<levice (Fig. 4). Since iathe 16-k part 
each;adibe!5S'inputpin is used twitce in the multiplexed 
address 'nK»de, the single new address input yields the 
additional two bits required to address 16,384 bits 
rather than 4,096 bits. 

However, the fact that the chip-select pin on the 4-k 
RAM'wiU later be u^d for addr^ At on the 16-k RAM 
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stead of chip-select pin to sele^i^evlees. 

changes the system design rules. For device selection, 
i t's n ow preferable to use_the row-address select 
(RAS ) instead of chip select (CS). It's done by applying 
RAS only to selected 2104/21 16 devices while the col- 
umn-address signal is applied to all devices. 

Figure 6 illustrates this arrangement in a 64-k-by- 16- 
bit system with OR-tied outputs. The same design is 
used in the photograph of the 1-megabit board on page 
1 16v In fact, the configuration is already in most 16-pin 
4^k RAM system designs of greater than 4,096 words. Its 
advantage is substantial power savings over system de- 
signs that employ the chip-select pin for the job of de- 
vice selectiooy 

However, if #ii^i&«r>w«0^ W im & tot dMce se- 
lection in his 4ik/i€-k design, theii the ^sfcip-i^ect Hae 
simiM be diitdbU^d to aU devices and temtiaated so 
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7. Knpinq In Omm. An OR functign if^ttje c^rrinTaddress Iqgicgra- 
vents refresh cycle timing from conflictiag i^:da^, cycle timing. It 
guarantees that the columr!|^addc«9£,signi[ite wilhalway$i occur before 
the rqw^^Uress signals for refresh and ^ftpr them for data. 

that it canunye as an address line wlien needed. He can 
do that in the 4-k design by connecting the chip-select 
hne to a signal driver. That forces CS to a high level 
(Vih) during column-address hold time (Iah) during re- 
' fresh cycles, and to a low level (Vu,) during data cycles. 
Later, when he substitutes the 2116 for the 2104 in his 
upgraded design, the chip-select line becomes the Ae 
line and is properly jumpered to an address driver. 

A refreshing difierence 

In refreshing a 4-k/ 16-k system, a designer has even 
more leeway than in refreshing a straight 4-k system. 
Two refresh modes are available with the 2116: 128- 
cycle and 64-cycle refresh, each taking 2 milliseconds. 
Any 2104/2116 designs which employ 128-cycle refresh 
should provide for a 7-bit refresh address counter and a 
three-wide, 7-bit address multiplexer. Both are needed 
for the 16-k system, although <mly 6 bits are used with 
the 4-k system. 

The designer can choose from two timing conditions 
for the 128-cycle refresh; a read-cycle and a row-ad- 
dress-select-only timing condition. Read-cycle timing is 
recommended when only one row of the 21 16 devices is 
used— 16-k words by n bits. But if two or more rows of 
RAMS are used with OR-tied outputs, as on the 1 -mega- 
bit board, read-cycle timing is not recommended unless 
each row of rams can be refreshed separately. Refresh- 
ing all rows simultaneously could turn on all the OR-tied 
outputs at the same time, causii^ the output bufifers to 
conflict. For instance one output might be high while 
three are low, and so on. 

This condition will not degrade the device outputs. 
Data out is not normally expected to be valid during re- 
fresh cycles. The problem is that it increases the current 
drawn from the Vcc supply and may result in supply 
noise that can affect the TTL in the system. 

For an OR-tied output system it's better to use the sec- 
ond 128-cycle refresh ti ming condition, the row-ad- 
dress-select-on ly tim ing. R AS-o nly timing is when the 
2116 receives RAS but no CAS during a cycle. In this 
mode, the data stored in the addressed row of 128 cells 
will be refreshed, but the data output will not change. 



Suppose two or more rams were OR-tied at the outputs. 
Then the ram t hat h ad l ast pe rformed a data cycle (i.e. 
received both a RAS and CAS input) would remain with 
its output buffer turned on (high or low), while the re- 
maining RAMS would have their outputs in a high im- 
pedance state. This obviates data output buffer conflicts 
and their associated power-supply noise for systems 
above the 16-kiloword level. In addition, output data 
from RAMS accessed prior to refresh is valid during and 
after the refresh cycle. 

Maximizing memory availability 

The second refresh mode of the 2116 requires only 64 
refresh cycles every 2 milliseconds instead of 128 cycles. 
This mode simultaneously refreshes corresponding rows 
iiy t^pfr Ifntf ^ flip 2\f% T" the system designer, it in- 
oeas^nieiiKi^ avaiUMityi making it equal to that of a 
4-k RAM's. For instance, for a 500-ns refresh/data cycle 
time (tcyc) and a 2-ras refresh period (tpef), 64-cycle re- 
fresh yields a percent availability of (tret - 64 tc).c)/trcf, 
or 98.4%. In contrast, 16-k RAMs refreshed in 128 cycles 
have only 96.8% availability, which could be a reason 
for avoiding this mode in a high-throughput memory. 

The timing requirements for 64-cycle refresh are 
hardly more complex than for 128-cYcle refresh. The 
important thing is to assure that the column-address-se- 
lect signal IS valid (low) at the leading edge of the row- 
address-select signal and remains valid during address 
hold time, just like refresh addresses. Under these con- 
ditions, the Ae address input pin on the 21 16 is ignored, 
and the data output buffer is set to the high-impedance 
stat^ Consequently, no conflict can occur in this mode 
between data outputs since they are at high impedance 
during and following the 64-cycle re&esh operation. 

The high-impedance output state in the refresh mode 
also benefits standby power consumption, always a ma- 
jor concern of the system designer. As in 4-k RAMs, the 
21 16's standby current is 2 mA maximum, and as in sys- 
tem designs based on 4-k rams, this low level is ob- 
tained only when the device is deselected (that is, when 
its data output is in the high-impedance state). If data 
output is active (high or low), then the standby current 
is typically 3 mA. 

Once the timing is worked out, the 2104/21 16 system 
designer should consider incorporating an OR function 
(Fig. 7) in his column-address-select logic, such that 
CAS can be made t o occ ur prior to row-address select 
for refresh or after RAS (delayed by the refresh cycle 
time, tec) for data cycles. By so doing, he will guarantee 
that the refresh jgriCle liffiiae wUl»>tc^ with tbedata 
cycle timing, ■■ 

At last, the 1 -megabit memory system 

To evaluate the 21 16 in a system environment, Intel's 
applications group built the 1 -megabit unit pictured on 
page 116. Figure 8 shows its block program (a) and a 
schematic (b). The system, which has been undergoing 
testing since June 1975, is arranged as 64-k 16-bit words 
and uses either 64- or 128-cycle refresh modes. 

A key peripheral chip in the setup has been especially 
designed for 16-k Ram systems. The Intel 3242 serves 
as the address multiplexer and refresh address counter 
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8. Magabit memory. Block diagram (a) and simplified systein schematic (b) show arrangement of the elements of a 64-l(-by-1 6-bit system. 
This setup, vvhich contains over 1 million bits of memory, has been operated successfully In a system environment. It uses either 64-cycla or 
1 26-cycle refresh modes. The 64-cycle option maximizes memory availability in systems that need high throughput. 



and is a ttl, single-supply ( -I- 5-v) device that comes in 
a 28-pin package. It multiplexes 14 bits of externally 
supplied system address plus the 7-bit refresh address 
from the internal-refresh address counter to the seven- 
output ad#|sspi|is. 



The 3242 also includes an internal zero-detection cir- 
cuit to indicate when the refresh address is all zeroes. 
This saves logic and board space by allowing users of 
"burst mode" refresh to determine when the burst is 
compete without lutviag to coast the tefresh des. □ 
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WHICH WAY FOR 16K? 

The engineers who struggled through the pin-out 
confusion (16, 18 or 22 pin) on the 4K Random 
Access Memories (RAMs) and very adamantly pro- 
tested the lack of pinout standardization among 
manufacturers have gottsiB th*Er Ulth fee 16K 
RAMs, almost. 

The 1 6K RAMs are all in 1 6-pin packages, have the 
same pinout, are TTL compatible, with multiplexed 
addresses, two clocks, and basic operation hke the 
16-pin 4K RAMs. There are differences with respect 
to refresh modes and data output operation but 
these variations do not preclude a system design 
which will accept all of the devices. 

A FRESH APPROACH TO REFRESH 

One of the most requested features Intel encounter- 
ed during the market research efforts that led to 
the 2116 definition was the ability to refresh the 
data cell matrix with only 64 cycles. With this in 
mind, Intel implemented the 21 1 6 in such a manner 
that both 64 cycle and 1 28 cycle refresh modes are 
available and the user has the option as to which 
mode best suits his system needs. Figure 1 shows 
that the 2116 is really two 8K x 1-bit RAMs 
sharing some common circuits. In normal data 
operations (Read, Write, etc.) the seventh address 
bit, A5, is decoded and selects only one ^Kalf to 
be powered up during any given cycle. 

64-Cycle Mode 

The CAS-before-RAS 64 cycle refresh mode opera- 
tes by disablii^ the common 1/6 circuitry shown 
in Figure la ai'd itefre^iing one iow in both SK x 
1-bit halves of the'2M8. Since thiere a^'64 TOtits in 
each 8K half and one row in each half is refie^ed 
each cycle, only 64 refre^ cycles are -required. 

1 28-Cycle Modes 

During Read/Refresh and RAS-only refresh cycles, 
only one 8K x 1-bit half of the 21 16 is activated 
and one of the 64 rows in the active section is re- 
freshed. Thus 128 cycles are required to refresli the 
128 rows of cells (64 rows in each half of the 
RAM). 

EFFECT^ dl REFRESH 

The requirement for refreshing the data stored in 
the cells of a 16K dynamic RAM such as the 21 16 
impacts system characteristics in three areas; 
memory available time or throughput, system 
standby power, and the maximum usable page size 
during page tnode operation. The 64 cycle refresh 
mode of the SI I6 offers improved performance in 
all these areas over the 128 cycle refresh mode. 
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b. Alternate Device Layout 

Memoi^ A^ilawity 

Assuming a 'minimum cycle time of 375 nsec, 128 
refresh cycles in 2 msec requires 48 /isec or 2.4% 
of the available memory time. But that's a mini- 
mum. Typical computer memory cycle times run 
closer to 700-900 nsec, so 128 cycle refresh typi- 
cally requires 102 Msec or 5.1% of the available 
memory time. 64 cycle refresh requires only 51 
fisec or 2.59? of the available memory time under 
the same conditions of 700-900 nsec cycle time. 
(See Table 1). That's higher throughput capability 
and less chance of having to wait for Cid^p|etion 
of a refresh cycle to start a data access. 
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Table I. Time Impact Of Rcfmh 



System 
Refresh Cycle 
Mode- Time 


Requirements of Refresh 


Time Spent On 
Refresh During 
Each 2 msec 


Percent Of 
Available Memory 
Time 


64 cycle 


375 nsec 


24 usee 


1.2% 


800 nsec 


51 fisec 


2.6% 


128 cycle 


375 nsec 


48 jtsec 


2.4% 


800 nsec 


102/isec 


5.1% 



System Standby Power 

Remember, the 2116 can be refreshed each 2 milli- 
secon ds in one of three ways; 1 28 R ead cy cles, 
128 RAS-only cycles, or 64 CAS-before-RAS 
cycles. The standby power (refresh only) for the 
three types of 2116 refresh cycles is given in Table 
U. 

Table II. Power Conuderationt For RafiMh 



Cycle 

Parameter 


Read/ 
Refresh 


RAS-Only 
Refresh 


CAS-Before- 
RAS Refresh 


Refresh Cycles 


128 


128 


64 


Power Per 
500 nsec 
Cycle 


444 mW 


346 mW 


426 mW 


Average 
Refresh Power 


31 mW 


28 mW 


24 mW 



"Wait a minute," you say! "If you turn on both 
8K X 1 -bit halves of the 2116 during 64 cycle 
refresh, why is the power per cycle less than during 
a Read/Refresh cycle and why is the average power 
less than with either Read/Refresh or RAS-only 
cycles?" Let's take these questions one at a time! 

The per cycle power with CAS-before-RAS is l ower 
than for the Read/Refresh cycles because the CAS 
clock generator circuits and column decoders do 
not operate during 64 cycle refresh and the common 
1/0 circuits are off. The power reduction due to 
these circuits being off more than offsets the 
increase in power dissipation due to both halves of 
the RAM being on. 

The average power is lower with CAS-before-RAS 
refresh cycles because there are only 64 cycles each 
2 milliseconds rather than 128. The 21 16 is, there- 
fore, in standby a larger percentage of time during 
t he 2 millis econ d refresh period. Although the 
CAS -befo re-RAS per cycle power is 23% higher than 
the RAS-only per cycle power, the average power 
is 1 4% lower! 



Ther e is one other power related characteristic of 
CAS-before-RAS refresh which must be considered. 
The peak value of the transient currents during a 
CAS-before-RAS refresh cycle is approximately 
20% higher than during the other two refresh 
modes. This is caused by the capacitive charging/ 
discharge currents associated with 128 additional 
sense ampUfiers. Care must be taken in the system 
design to decouple the slightly higher transient 
peaks. Work in the Intel Applications Lab has 
shown that the decoupling and board layout sug- 
gestions included in the 2116 data sheet yield 
acceptable power distribution noise levels witii 
any of the allowable refresh modes. 



Refiesh-Page Mode Interaction 

Page mode operation with 16K RAMs allows 
faster successive memory data operations at the 
128 column l ocati ons in a single addressed row. 
Receipt of a RAS and a 7-bit row address byte 
causes the RAM . to access the; 128 data cells on 
the addressed row. 

At access time all 128 data bits are av ailab le at the 
s^ise amplifier witput s as long as RAS is held 
active. By cycling ths CAS clock and addressing 
the desired data bit with the 7-hit column addres 
byte all 1 28 data bits may be brought to the data 
output of the device. Data access and cycle time in 
this mode, called page mode, is faster than normal 
data cycles. Page mode is an excellent way to trans- 
fer blocks of data to and from memory at high 
speed, but it is impacted by refreshing. The refresh 
requirements of the devices limit the number of 
consecutive page mode cycles to less than the 128 
available from each row of devices. As an example, 
recall that the 2 millisecond distributed refresh 
mode requires a refresh cycle every 15.5 micro- 
seconds, (for 128 cycle refresh mode) and every 31 
microseconds (for the 2116 in its 64 cycle refresh 
mode). This means that the devices may remain in 
the page mode for a period no longer than the time 
required between refresh cycles. 

For example, for systems using 128 cycle refresh, 
the maximum time in the page mode is 15.5 //sec. 
For systems using 64 cycle refresh the time in page 
mode is doubled to 3 1 /usee. In practice, this limits 
the number of consecutive page mode cycles to 55 
or less for the designs which use 1 28 refresh cycles 
and to 1 10 or less for the 2116 in its 64 cycle re- 
fresh mode. The 2116 with its 64 cycle refresh 
mode clearly permits more useful page mode 
operation than would a 16K RAM which requires 
128 refresh cycles. Table III summarizes the 
impact of refresh upon page inode operation. 
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TaUclll. flef(Mhliiqp«sf'U|kM Pag*Maii*4|p«ration 
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IMPLEMENTATION OF 64/128 CYCLE REFRESH 
MODES 

Provision for 64 cycle refresh was a major factor in 
the selection of the device architecture shown in 
Figure la for the 2116. There are, however, several 
other performance and yield related' att^rtotages to 
the 2116 architecture. 

Implementing 64 cycle refresh requires limiting the 
number of data cells per sense amplifier to 64. 
That means 256 sense amplifiers are required 
( 1 6,384 cells ^ 64 cells/sense amp= 256 sense amps). 
128 cycle refresh would force 128 cells per sense 
amplifier and only 128 sense amplifiers. So the 
question boils down to a 256 x 64-bit organization 
versus a 128 x 128-bit organization. (See Figure 1). 

256 Sense An^s M^ns Twice As Much Chip Area 
For Sense Amps 

True, when you double the number of sense amps, 
you double the chip area required for sense amps. 
However, the sense amp area on tiei 2I'l6 aihcnmts 
to only 1 2% of the total chip area so inducing the 
number of sense amps to 128 would only reduce 
the chip area by 6% which isn't very significant. 

128 Cells Per Sense Amplifier Means Larger Cells 

Putting 128 storage cells on each sense amplifier 
would require the bit sense lines to be twice as long 
as with 64 cells per sense amp. This means the bit 
sense line capacitance would nearly double. To 
keep the sensed signal level the same, the cell- 
capacitance-to-bit-line-capacitance ratio must 
remain the same. 

With double the bit sense line capacitance, the cell 
capacitance must be doubled and this would 
increase the chip area devoted to the storage cell 
by approximately 25%. 

The cell capacitor could be made larger by less 
than a factor of two, but the signal-to-noise ratio 
of the sensing function would be deeded. It also 
would adversely aflect the acc^ tim^ la^d device 
operating margins and is not a good alternative. 



Complete Capatibility ^ 

The I 28 cycle lefire^ mode offered with the 2116 
is 100% compatible with other 16K RAMs that 
offer only 128 cycle refresh. That means that the 
2116 fits into sockets designed for 64 cycle refresh 
and into sockets designed for 128 cycle refresh. 
Other RAMs only fit into sockets designed for 128 
oycleieftesh. : 

TO LATCH OR NOT TO LATCH 

One area of non-compatibility between the an- 
nounced 16K RAMs is the inclusion of an output 
latch on the device. This has given rise to a 
LATCHED/NON-LATCHED device debate. Let's 
examine the issue to understand the system effects 
of the output latch. 

4K Compatibility 

The 1 6-pin 4K RAM, available from a multitude of 
suppliers, established the standard for latched out- 
put, multiplexed address RAMs. All available 
16-pin 4K RAMs have compatible latched 'ddipdts. 

Since the 16-pin 16K is virtually identical to the 
1 6-pin 4K in terms of pin-out and timing, it seems 
reasonable to make the interface between the two 
devices as close as possible. The 2116 is fully 
output compatible with all 16-pin 4K RAMs. This 
allows the unprecedented "luxury" to system 
designers of upgrading their system densities by a 
factor of four with only an address strapping 
change on their m^oiy boards. : - , 

Also, no new learning curve is required for the 
system designers sinc£ the parts would operate the 
same. Chip select, CS (pin 13), on the 4K was 
actually latched and implemented as an address bit 
just like the 6 coluiaa addfess bils: Fin 19 on iSte 
1 6K is address bit Aj. 

A number of Intel's 1 6-pin 4K customers are using 
their 4K RAM boards to evaluate the 2116 with 
pin 13 jumpered to an address driver rather than the 
old GSvdiiv^i,'-Bmitte.test .procedures can be the 
same. •■ , 

Common I/O Operation 

When designing with microprocessors that etnploy 
bi-directional I/O buses, the ability to connect 
memory devices directly to the b,;is can be at^ a^t< 
A memory device without an Qutpiil: daU^^^eail 
have it's Datarln md, Bata-Ovit pins cpng^t^ to- 
gether and diiectly to the I/O bus if the (^ration 
of <-:Ute ^RAM' k i«stticted to simple read imd Write 
cjf^les. tMh lo^ at what this means in two separ- 
ate classes of microprocessor systems. 
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Single Board Systems 

Small micr(q>rocessor systems typically use a limited 
number of LSI circuits designed as a CPU-I/O 
combination and sold together as a chip set. Because 
otf the limited number of devices connected to the 
microprocessor I/O bus, memory devices can often 
be directly connected to the data ports without 
any buffering or isolation devices. Since the bus is 
generally local to the chip set, and does not leave 
the printed circuit board, it is not subject to the 
risks of backplane voltage shorts and potential 
device destruction. These systems can benefit from 
direct RAM connection to the I/O bus. Single 
board microprocessor systems that employ bidirec- 
tional I/O buses can benefit from non-latched 
output RAMs because the Data-in and Data-Out 
pins can be tied together. These small systems use 
small amounts of memory, however, and it is often 
contained on the CPU chip or integrated into an 
I/O device. The amount of external RAM memory, 
when used, seldom exceeds IK to 2K words and 
the 16K RAM will not find much usage in these 
small systems. 

Multiple Board Systems 

Larger microprocessor systems place the main 
RAM storage, or an expansion to the RAM storage, 
on separate printed circuit boards. All signals to 
and from the memory must then be buffered to 
prevent overloading of the microprocessor I/O bus 
and to protect the outputs (and inputs) of both the 
microprocessor and memory devices from acciden- 
tal shorting to a supply voltage or to ground during 
troubleshooting and normal system maintenance/ 
repair. The effect of these buffers (see Figure 2) is 
to eliminate any need or advantage to tying the 
RAM data input and output together. 

It is in these larger systems that the 4K and 16K 
RAMs are most useful due to the size of the 
memory required. These systems normally use 
12K to 64K bytes of memory and the density of 
the 16-pin RAMs is an asset. Common I/O RAM 
operation is not a factor in these systems. Besides, 
if common I/O is so important for RAMs in micro- 
processor systems, why does the RAM that is the 
most widely used in microprocessor systems today 
(the 2 1 02) have separate I/O? 

ADVANTAGES OF THE LATCH 

There are a number of system advantages to the 
data-out latch on board the RAM. Some of the 
more important of these advantages are: 

1) Many small, non-microprocessor systems, 
especially those which run with long 
system cycle times (1 ^sec or more) need 



the data read from memory to be latched 
in order to minimize the clock or active 
time and minimize power dissipation. In 
these systems, the on-chip data latch is an 
asset because off-chip data latches increase 
the system power dissipation. Power dissi- 
pation for TTL data latches runs about 70 
mW per bit. For 16K by 8-bit memory that 
is 70 mW per 16K and is a constant DC 
power drain during active or standby cycles. 
The on-chip latch adds only 24mW to the 
device power dissipation and only while the 
data output is active, not during standby. 

2) Off chip latches require more packages on 
the memory board. A 16-bit system will 
require four 16 pin packages or two 24 pin 
packages. These latches take up board 
space and add part, assembly, and mainten- 
ance co&t& to the system. 

3) Off chip latches also add to access time. 
The delay of an on chip latch is included in 
the access time for the device. Using an un- 
latched output device and adding external 
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Figure 2. Common I/O Configurations 
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latches adds typically about 20 nsec to 
system access time due to timing skew in 
the latdi cVock plus the latch ptopa|0ttM^ 
delay. 

4) An operational featuie that is offered in 
latdied output RAMs and is not available 
on unlatched output RAMs is the ability to 
perform a refresh cycle immediately follow- 
ing a data cycle without impacting the 
availability of output data. This "hidden" 
refresh cycle is possible with the latched 
output device because a RAS-only refresh 
cycle does not affect the data contained in 
the output latch. A typical timing diagram 
for the hidden refresh mode is shown in 
Figure 3. This mode of operation is not 
possible with the unlatched output devices 
unless external latches are added because 
the data output of the unlatched devices 
goes to the high impe dance state at the 
beginning of the RAS-only refresh cycle 
and is not available to the processor when 
required. This hidden refresh cycle feature 
of the 2116 and the latched output 4K 
RAMs can be used to advantage in many 
systems. 
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Figure 3. Hidden Refresh Cycle Operation 



DISADVANTAGES OF THE LATCH 
There are also a number of potential system dis- 
a^mtages to the data out latch. These disadvantages 
are generally not practical limitations on system 
design due to other ovetradhig consid^ations as 
diseased below: , 

1) Systetns designed i^th latehed 16K' s who se 
oe^tts are OR-tied must provide CAS to 
ev^ device during eyery cycle in order to 
deselect" devices sdected on the previous 
cycle. Although non-latched dev ices can 
and do operate in this mode, this CAS de- 
select cycle is not reqiiired and CAS can 
be decoded and sent to the selecli 
only. 

Since CAS occurs after RAS in a cycle, a 
cycle could be started with RAS to every 
device and CAS decoded during tj^QL ^^d 
appl ied only to the desired devices. Thus 
CAS is now like CS on the 1 6-pin 4K RAMs. 
This operation reduces access times by 
10ns when using a 74S138 decoder since 
the chip sele ct decode time is not required 
prior to RAS as it is with the latched output 
16K RAMs, ;P)&piiK4ical usefu]i«^o|ttk 
oper i^^ri ra^b % tttdted ^mese ^iiig 
CAS as a chip select means l^^L,^ un- 
selected devices in a system d^^^ power 
, at4il<^.^i^ d^it ^.lw slhaaiiiftadBeted 
devices (See Table n RAS-only cyde power). 
This mode dissipates almost as much power 
as that dissipated when using CS in 4K RAMs 
I • for deselection (Which explains why nobody 
used CS for device selection with the 4K). 

2) The Data-in and Data-Out pins may not be 
directly tied together and to a common I/O 
bus. This is a disadvantage only in single- 
board microprocessor systems and not in 
larger systems (refer to Figure 2). 

WHICH NON-LATCHED 16K? 

All non-latched 16K's are not alike! In fact, none 
of them are alike. The three currently released 
designs all react difiS^ntly during either read or 
write cycles. 

Data Output Control 

The data output is controlled by CAS in both the 
latched and non-latched devices and becomes valid 
at column access time (tCAC) after CAS goes low 
(active). The difference lies at the point in time at 
which the data out goes to the off (high-impedance) 
state. In the latche d ou tput case, data out goes to 
the off state after CAS goes low in the next cycle. 
In the non-latched outpu t case, data out; goes to 
the off state after CAS gpes high in the current 
cycle. 
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Figure 4. 2116 Data Output Operation 



Unlatched Device Output Characteristics 

Differences in characteristics of the outputs of 
norf-iat(aied dfevites aie sho\^ in Figure 5 for a 
read cycle. 




UNLATCHED 
DEVICES PoUT" 
AANDt: ■ ' 



None of the above differences itself is hard to 
handle but it can be trouble^qi^t^have to account 
for all conditions esped^it^^ting and qualifying 
the devices. 



CAS AS A CHIP SELECT 

During the discussion of the disadvantages of a 
data out latch, the use of CAS as a chip select sig- 
nal was mentioned bri efly. The system parameters 
affected by this use of CAS are access speed, power 
dissipation, and page mode. 

Access Speed 

Deco ding the chip select address bits and gating 
CAS only to the selected devices reduces access 
times by about 10 nanoseconds compared to gating 
RAS as the chip select signal. 

Power Dissipation 

Using CAS as the chip select signal mea ns tha t the 
unselected devices in a system dissipate RAS-only 
power levels while the selected devices dissipate 
full power levels. 



Figure 5. Unlatched Device Output Opsralibn 
During Read Cycles 



When it comes to a write cycle the data-out charac- 
teristics of the 3 supphers are different from each 
other (see Figure 6). So why would anyone care 
what the output is doing during a write cycle? In- 
coming test programs and device qualification test- 
ing must account for these differences. Also, since 
the device outputs are connected to an I/O bus of 
some sort, the designer must consider the output 
operational characteristics to assure coropatibility 
with the bus. 
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iN^fre 6. Unlatched Device Output Operation 
* ' ' ' is Dffferant During Writs Cydes 



TVhat does tha t me an in a 128K x 8 -bit s ystem? De- 
coding only CAS and supplying RAS to all 64 
devices means one row of devices would dissipate 
norm al power while seven rows would dissipate 
RAS-only power levels during each cycle. The 
128K by 8-bit system (8 rows of 16 devices) vwll 
dissipate 23.0 Watts in this mode. 

Deco ding only RAS as chip select and supplying 
CAS to every device does add slightly to access 
time (about 10 nsec) but it also means only 8 
devices of the 64 in our example system would be 
active in any. given cycle while the other 56 devices 
would remain in refresh/standby. The same 128K x 
8-bit system will dissipate 5.2 Watts in this mode. 
(See Table IV). 



Table iV. Power Considerations for 128K x 8-bit System 



\X)perational 
\. Mode 

System 
Parameter 


Decoded 
RA§ 


Decoded 
CAS 


Iqd Current 


0.43 Amps 


1 .92 Amps 


Power Dissipa- 
tion 


5.2 Watts 


23.0 Watts 
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Page Mode 



In the non-latched RAM, CASiised as a chip select 
signal allows extension of pa^ mode boundary 
beyond 1 28 da ta cells. This is accom#ligh«d^ 6y 
supp lying RAS to all the devices in a system and 
CAS to the selected devices extending the boundary 
to include the selected row in all of the RAMs in 
the system. This operation is vaUd but there are 
some practical restrictions on its usefulness. 

Extension tst-^e pags miS&B again 
requires asMvatbig ^ tte devi<xs in the system 
rather tbm Just one row of devices. The teoease 
in power dIssMte «S)W(e4 v 
operation rather undesirable as previously dis- 
cussed. In addition, the refresh requirements of the 
devices limits the number of consecutive page 
mode cycles to less than the 128 available from 
one ro w of one device. Remember that refresh 
requires RAS to be cycled to refresh a row of cells 
every 15.5 microseconds with the 128 refresh cycle 
mode and 3 1 m icroseconds with the 2116 in its 
CAS-before-RAS 64 cycle refresh mode. Why 
activate all of the RAMs in the system when you 
can't even cycle through all the locations in one 



The goals for the 2116 16K RAM, increased bit 
density while maintaining performance and func- 
tional ^mpatibtlity with the 16%in i^^i^ 
have been achieved. This compatibiiity is a boon 
to the users since no new learning curve is needed 
when upgrading to the 16K RAM. 

While there are difG$nsac^'iB 1Me announced 16K 
RAMs, these differences are slight when comjjiired 
to the differences between the proliferation of 4K 
RAMs. By including TTL data out latches in the 
board design and using 128 cycle refresh, the 
designer (^<9ecOBHSedatB any of'^d^^ iPL 
devices. 

For those users 'Mb'iyi^TJb'^teiiiAtfflii'thsf W 
put rate of the 4K devices, the 64 cycle refresh 
mode of the Intel 21 16 is ideal. The on board data 

out latch of the 2116 is a definite asset to those 
users with restrictive board space limitations. In 
extremely cost sensitive applications, the 2116's 
data out latch not only eliminates the need for 
external TTL latches but also reduces system 
power dissipation thereby reducing power supply 
antD'Cooii^ costs;- 
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The biggest erasable PROM yet 
puts 16,384 bits on a chip 



Using just one 5-V supply, the ultraviolet-erasable device is interchangeable 
with 16-k read-only memories— a boon to designers of microprocessor systems 



by Robert Greene, George Perlegos. PhiUip J. Salsbury, and William L. Morgan, inmaxp.. sarna aara. cau. 

features. Then, once satisfied with the program, the user 
can switch^ into production with factory-programmable 
ROMS that have identical pin assignments and use similar 
power supplies. 

Alternatively, as the availability of erasable proms 
increases, system designers are beginning to use them in 
place of standard roms in the production equipment 
itself, especially in the early sample stage and also in 
small-volume designs. It is an all-too-familiar problem, 
getting small numbers of mask-programmed roms from 
the factory in anything like a reasonable time and at less 
than an exorbitant per-piece cost. Here the erasable 
PROM is the perfect answer, for it goes straight into the 
equipment once its program is fixed, 

A good deal in all reapecta 

The new Intel Corp. 2716 16-k device has all this 
versatility, and then some (see table). It offers twice the 
memory capacity on a chip only 20% larger than the 8-k 
version — and the smaller the die, the lower its produc- 
tion costs eventually fall. Its performance is better. 
Though its maximum access time stays at a short 450 
nanoseconds, its active power dissipation per bit has been 
reduced to 40% of the 8-k device level, so that the chip's 
total power dissipation is 20% lower for 16,384 bits than 



□ In just two or three years, from being barely on the 
edge of visibility, a field-erasable read-only memory has 
blazed its way to prominence in the system designer's 
world. Because its contents can be erased with ultra- 
violet light, its user can program and reprogram it at 
will — an unaccustomed liberty. 

Known as eproms (for erasable programmable roms), 
the devices in heavy use today are the 2,048-bit 1702A 
and the 8,192-bit 2708, both of which have been de- 
signed into a wide variety of equipment over the past few 
years. But the new 16,384-bit model, which is also faster 
and easier to use than its predecessors, is-liound to 
attract old and new users alike. 

The attraction, of course, is the devices' extreme 
usefulness for prototyping software code in microproces- 
sor-based designs. It typically takes tens of passes 
through a system before a program's code can be 
optimized, and each pass requires a new rom program. 
But a ROM that can be erased and reprogrammed quickly 
from standard address signals makes it much easier to 
optimize a program. 

Indeed, individual words can be rewritten in today's 
uv-erasable proms, so that programmers can fine-tune 
their software well into the development cycle or change 
a portion of the program to accommodate new system 




FLOATING 
GATE 




p TYPE IMPLA NT V,^ 
p TYPE Si SUBSTRATE 



Vd 



1. Doubling up. By using two levels of polysilicon, this stacked-gate 
version of \he floating-gate avalanche-injection MOS cell occupies 
half the area of earlier Famos cells. As a result, the 16.384-bil 2716 
chip is only 20% larger than the 6. 192-bit 2708 devices. 
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2. AiniMl at mlcrocomputar*. The 16.384 cells in the 2716 device 
are organized into two 64-by- 128-cell arrays or 2.048 8-bit words, an 
arrangement that makes the device useful for byte-oriented micro- 
computer designs and also compatible with 16-k ROMs. 
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ULTRAVIOLET LIGHT ERASABLE PROGRAMMABLE ROMs 


Year 


1972 


1975 


1977 


Model 


1702A 


2708 


2716 


Basic futures 








Technology 


p MOS 


n MOS 


n-MOS 


Orgfinizatibh 


2S6 X 8- 


1,024 X 8 


2<048XS 


Chip 3rc3 (niil' 6C|Utv.) 


134 


160 


175 


Packdqe pins 


24 


24 


24 


Read performance 








Access lime (max) (ns) 


6S0 


450 


450 


Power dissipation (mW) 


700 


730 


BOO 


per bit ImW) 


0.4 


0.1 


0.04 


5t3ndt}y power (rnW) 








" " per bit (mW) 






0.006 


Power supplies { V) 


+ B. -9 


+ 5, +12,-5 


+ 6 


TTL compatibility 


yes 


yes 


yes 


Programming requirements 








Supply vollages ( V ) 


■H2, -35,-48 


+ 26, 5, +12,-5 


+ 25, + 5 




yes 




no 


Program control levels IV) 


0/-48 


0+12 


TTL 


Address and data inputs IVl 


0/-48 


TTL 


TTl, 


Duty cycle ( 1 


20 


80-100 


80-100 


Programming performance 








Pfogramminq lime of all WOrds (s) 


120 


100 


100 


" per word (si 


a4 


100 


o,os . 


Single-pulse programming 


no 


no 


yes . 


Single-location programming 


yes 


rm 


yes 


Erase time of all words (minutes) 


10-20 


■ 16-30 


!o-ad 


'Powdi dissi|ia1iun can Ix^ i<.-duc(--d Ov clocking poMwi suiHIIV o> iumuiK) oil duniu| dvwtl«ct 



it was for 8,192 bit.s. In fact, the 27l6's speciJ-power 
product, al 4,'iO ns and 500 milliwatts, puts it on a par 
with standard high-dcnsily koms. Moreover, the chip's 
low standby power mode, in which it dissipates only 125 
mw, affords further power savings at the system level. 

Equally important, the 2716 works off a single 5-volt 
power' sitp^ljt, in eontrast to the earlier multiple-supply 
1?^2A and 2708 devices. This change is vital for today's 
deigns, since it allows the device to be used with the 
new, more powerful 5-v microcomputers. In fact, 
anotber device using the same basic cell concept, the 
8755, has been designed with special input/output ports 
and cotttrol lin«.to woik directly with ttieS^-v Intel 8085 
.microcomputer, as well as with - otter types of 5-v 
microprocessor systems. 

In applying the new 16-k 271116 in microprocessor- 
based systems, the system designer not only replaces two 
2708 packages with one 2716, but he or she can also 
eliminate the l-of-4 decoder chip that is needed with the 
two earlier devices. Indeed, when hooking up the 27 1 6 to 
single-chip microcomputers such as Intel's 8048, only a 
standard, commercially available 8212 latch is used, as 
with the 2708 configuration, and nothing else. All other 
control signals and address signals are sifpi^ied' <the 
processor. 

Finally, the new devices are easier to program than the 
earlier ones^ They need only two programming supply 
voltagesf { + 25 awd +5 v) instead of tfc^ and few 
different volta^ levels (some as Aigfa as 48 v)i4ypics^.or 
iiv-erasable proms. Moreover, Hbs program ^i^Oa^ V, 
need not be a low-duty-cycle pulse, so ftat program time 
is greatly reduced— from 100 seconds to 0,05 s per bit — 
even while control levels and address and data inputs are 



The Fames principle 

Fames describes the lloating-gate avalanche-injection 
metal-oxide-semiconductor transistor that Dov Froh- 
man-Bentchkowsky developed at Intel Corp. in 1971. 

The Fames device Is essentiaHy a silicon-gate MOS 
field-effect transistor in which no connection is made to 
the floating silicon gate. Instead, charge is injected into 
the gate by avalanches of high-energy electrons from 
either the source or the drain. A voltage of -28 volts 
applied to the pn junction releases the electrons. 

Data is stored in a Famos memory by charging the 
floating-£^te insulator atxwe the channel r^ien. The 
thresliold voltage then change and the presence or 
absence of conduction is the basis for readout. 

The Famos cell has generally been considered more 
reliable than nitride storage mechanism used in repro- 
grammable metal-nitride-oxide-semiconductor memo- 
ries. In f^NOS memories, carriers tunnel through a thin 
oxide layer into traps at the oxide-nitride interface. But 
a partial loss of stored charge during readout limits the 
number of readout cycles to approximately 10". 

In Famos memories, on the other hand, there is no 
loss of charge due to reading. Ivloreover, over time, the 
loss of stored electrons is negligible, less than one per 
ceil per year, and information retention is excellent, 
' ' : — - -■- - • -1 i * t- -fit 



kept ait stti^ht Srv traiisi$t(»''4ransi^er-logic levels. 

^1 th^ ini{>rowntaits flow from a new n-channel 
sta(^ed>^ite edl that usn just:,one trainsistor. ThisxcelL is 
fabricated with a dual-layer silicon-gate proeessi that 
closely resembles the one used in today's 1 6«k dynamic 
random-access memories> As the cross section in Fig. I 
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V„ 1+25 V)- 
Vcc (tSV)- 



27IS 
Na. 1 



2716 
NO. 2 



2716 
NO, 3 



2716 
NO. 4 



-CS, 
-CS, 
-CSj 
-CS4 



PGM / PD NO. 1 - 
PGM / PD NO. 2 - 
PGM/PDNO. 3- 
PGM/PD N0.4- 



3. Picking and choosing. The 2716 erasable PROM has a program ii 
some of the devices and not others. Only those devices that receive 

shows, a lower floating gate stores the cell's charge, and 
an upper control or select gate operates the cell. Being 
stacked one over the other, the gates create an extremely 
compact structure— the smallest cell of any uv-erasable 
PROM in production. Including decode, address, drive, 
and sense circuitry, the entire memory fits on a chip well 
under 40,000 mil ' in area. 

As for the cell's operation, the fact that it has a fairly 
complicated stacked-gate configuration is completely 
transparent to the user. Unlike the 1702A erasable- 
PROM floating-gate cells (see "The Famos principle," 
p. 109), the stacked-gate cell i.s programmed by means of 
hot electrons injected from the channel through the 
oxide to the floating gate. This injected charge raises the 
threshold voltages at the lop or select gate, so that a 
charged cell has a higher select voltage than an 
uncharged cell. The overall charge pattern, then, as seen 
from the select gates, duplicates the pattern of a stan- 
dard mask-ROM. 

Once programmed, the charge retention of the new 
16-k uv-erasable prom is as good as in the original 
Famos devices. Reliability studies of standard produc- 
tion runs indicate that 95% of the devices can be 
expected to retain their memory for 1 00 years at 70°C. 
Charge removal from the stacked-gate cell occurs with 
its exposure to ultraviolet light, just as in both the earlier 
uv-erasable devices. 

Using the 2716 

The array of 16,384 Famos cells, which arc formed 
into two 64-by- 1 28-cell matri.xes (Fig. 2), is organized as 
2,048 8-bit words, giving the 2716a byte orientation that 
is useful in microcomputer applications. Because of this 
arrangement, the device operates almost exactly like the 
2708 8-k erasable-PROM. The only differences are that 
on the 2708 device the power-supply voltages \ uu and 
V BB are on pin 19 and pin 21 respectively, whereas on the 
27 16. device the address A ,0 is on pin 1 9 and the program 
voltages (-(-25 v for programming, 5 v for reading) are 
on pin 21 . 

Otherwise, eompiete data and power<:sopply cortipati- 
bility exists between the familiar 2708 and the new:-2?16: 



libit mode, to allow the designer of a mullipackage system to program 
TTL-level pulse on the I'GM/PD pin will be programmed. 

they plug into exactly the same sockets, having exactly 
the same standard 24-pin package and the same pin 
assignments (except for those mentioned above). The 
one change in designing a board with a 2716 is that 
programming it requires a -t-2S v power supply and 
reading it takes a S-v supply instead of the 26-v pulses 
needed for programming and the ±12 v, +5 v, and 
— 5 v supplies needed for reading the 2708. 

As for ea.se of use, the 2716 compares well with 
ordinary ROMs. The seven highest-order address bits. A« 
to A 10, select the rows, while address bits A,, to A, select 
the columns and operate on eight l-of-16 decoders, such 
that one of 16 column lines is gated to each of the eight 
output bulTers. 

Sensing is the same as in the 2708 devices. The charge 
on the selected column line is monitored. Unpro- 
grammed cells will have a low threshold and will 
discharge the column line when selected, while the 
threshold of programmed cells will have been raised to 
an impedance level that is high enough to keep the 
column line charged. 

To read the 2716, the chip-select input is the only 
control input required. Lower this input to a transistor- 
transistor-logic and the device reads; raise it to a ttl I 
again and the device stops reading — is deselected. When 
deselected, this chip-select input causes the outputs to go 
into the high impedance state within about 120 ns, a 
time short enough to allow a designer to OR-tie several 
2716s in parallel yet still retain the maximum 450-ns 
access times of individual devices. On the other hand, 
since chip select is really an enabling signal, if only one 
or two 2716s are being used in a system, they may be left 
low during all cycles, allowing a designer to exploit the 
typically faster access times of any individually selected 
devices. 

Writing and erasing are no big chores, either. Initially, 
and after each erasure, all bits of the 2716 are in the 
logic 1 state (output high). Data is written by selectively 
programming Os (output low) into the desired bit loca- 
tions. To set up the 2716 for programming, the program 
power supply, V p,, is raised to 25 v, and the chip-select 
is raised to the irtput high-voltage state (V,h) or 2.2 v 
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4. Pi o flt l MliW l lH-ilMd* m*t- In this setup, the user need only observe the appropriate setup tunes tor the programming operation to 

succeed. The siarl control signal gels the timing ctiain moving, and from then on things are practically automatic. 



minimum. The data is then presenteiJ, 8 bits in parallel, 
on the data output lines (O, to O, in Fig. 2), while the 
corresponding address is presented to the address 
inputs. 

After the address and data setup times have elapsed, a 
program pulse is applied to the programming i'<iM/pi) 
pin. This pulse is a ri L-level signal that serves to gate the 
program power supply. \ into the arra\. It must be 
present for at least 50 milliseconds to ensure long-term 
retention of the programmed data. When this program is 
completet), the Vpp pin should be returned to + 5 v. 

Finally, erasing the 2716 is the same as for all uv- 
erasable proms. The user places it under an uv lamp and 
exposes it to the equivalent of IS watt-seconds/cm-. 
Although there is no evidence that extended exposure 
harms the device, the lamp should be placed on a timer 
and shut off after 30 minutes to prevent unduly long 
(overnight and over-weekend) accidental exposure. 

A useful feature of the 27|6's program design is its 
program-inhibit mode. In multipackage systems, this 
mode lets the designer ignore some of the devices on a 
given board and only prjjgram or reprogram the rest. 
The setup is shown in Fig. 3. All inputs and outputs are 
tied together except for P(iM/PD. Only those devices thai 
receive a tti -level pulse on the p<i\i Pi) pin will be 
programmed. In the setup shown, device No. 4 is being 
programmed with a 50-millisecond pulse on this pin, 
while the address contents of the other three devices are 
unaffected. 

The programming schemes devised for the 2716 are 
easier than for previous uv-erasible proms, as may be 
seen from the example diagrammed in Fig. 4. In this 
scheme, the addresses and data may be derived from a 
microcomputer system bus. Alternatively, the user can 
generate both manually, employing toggle switches for 
control and a counter for address input. However, when 
manual operation is performed, a provision must be 
made for automatic incrementing of the address pulses. 

In either case, a start coi\vrol signal enables the liining 
chain shown in Fig. 4, assuring that the appropriate 
setup times are observed. This signal also enables the 
■ program timer, which controls the 2716 chip-select 



From PROM to final ROM -fast 

Since the UV-erasable 16,384-bit 2716 user- 
programmable ROfvl IS pin-compatible with the 2316E 
mask-programmed 16-k ROM. designers can debug 
systems with the 27 16i3Bd. as s«ion>as the data pattern 
is firm, order read-only memories to plug directly into 
the 2716 '2316E socket. In fact, the initial system can 
be shipped with erasable PROMs and fitted with ROMs 
in the field when they become available Also, the 27 16 
can be used as the master lor transmitting the desired 
data pattern back to the factory without all the hassle 
of tape formats. 

This direct interchangeability between the 2716 and 
the 2316E can also speed up implementing code 
changes. In the past, even when systems were 
successfully prototyped with UV-erasable PROMs and 
released to production using mask ROIvIs, the slightest 
code change forced the end user to wait while the new 
code was implemented on the prototype system, then 
translated Into a ROM pattern, and only then placed in 
the production system. But when Ihe 2316E is used in 
production systems, any change m code can be 
performed in a matter of a few hours by programming a 
2716 with the custom pattern and plugging it in. 



signal, and places the data input/output buffer in the 
input mode. The program timer must be reset after the 
address and data hold times have passed. 

Once started, the address and data-setup timers 
enable the program pulse timer, which applies the 
required ttl pulse to the 2716 pgm/pd pin. This pulse, in 
turn, on its falling edge, enables the address- and data- 
hold timers. After they have finished, the auto-address- 
increment timer does one of two things. Either it 
advances the address-input counter on a manual 
programmer, or it resets a not-busy flag on a micropro- 
cessor. The program timer is then reset, placing the data 
I o buffer in the output mode for data verification. Note 
that the V pf ( -f- 25-v) supply does not have to be turned 
off or switched during program/read transitions. 
However, it should be lowered to Vcc for nonprogram- 
ming operation to reduce power dissipation. □ 
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Using charge coupled devices 
can reduce bulk memory costs 

CCD's offer adequate performance in these applications and provide 
truly significant cost savings when compared to RAM configurations. 

Dave House and Kirk MacKenzie, Intel Corp. 



Over the course of the past several years, 
semiconductor memories have become a domi- 
nant form of main memory. And today they are 
being applied in secondary or bull< storage 
applications as well. Assuming that you've already 
made the decisiorl to go semiconductor for your 
bulk storage, the first and most important choice 
facing you is this — should you go the MOS RAM 
(Random Access Memory) or CCD memory com- 
ponent route? 

In areas where their performance is adequate, 
CCD memories can provide a significant reduc- 
tion in cost for bulk memory applications. At both 
the component and system level, costs will be 
reduced by 65 to 75% by using CCD's instead of 
RAM's. 



Quite naturally, such significant savings have 
not gone unnoticed and many systems have been 
configured to take advantage of the favorable 
CCD cost picture. We contend that these savings 
will always be possible. By their very nature, 
CCD's require simpler design techniques and 
offer both higher densities and higher yields than 
RAM's. The result is lower manufacturing costs 
both today and in the future because any 
advances in manufacturing or photolithography 
techniques will equally benefit both CCD and 
RAM technologies. 

You can find all the answers inside 

Understanding actual device costs requires 
some understanding of device construction and 
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operation. Fig. 1 shows the basic construction of a 
storage cell from a 4-phase surface-channel CCD 
and a single transistor cell dynamic RAM. Note 
that in both cases the storage method is the 
same — charge storage in a depletion region - 
un<te^<^<OQSiti«eiy .charged electrpcfe, Pisposition ' 
of tHs^Kecsbofe-ywes, hoWtvei', '^i^g tied ^t® 
+nv Wotfed in CCD's. Cha^B 

trartsfer pi^j^rmf ftprage £etl access, accdhi- 
plished by tuming.^ a MO!S:devfce to connect 
the storage nede to either thft Aext storage cell 
(CCD) or a bit sense line (RAM). 

Dynamic RAM charge transfer, a generally well 
understood function, occurs as follows: An X or 
row decoder gates one transfer device per bit 
sense line, passing information from that cell 
onto the precharged bit sense line. A small 
positive shift occurs on the bit sense line if charge 
was stored in the cell; a small negative shift, if no 
charge was stored. In order to rewrite the data in 
the cell, this small shift in bit sense line voltage 
must be amplified by the sense amplifier. 

The information transfer method in a CCD is 
generally not as well known, even though the 
mechanism is very similar and quite simple. 
Appropriate sequencing of a series of shift clocks 
common to each cell within a loop controls 
charge transfer. For example, the 2416, a 16k CCD 
available on the market today, uses four clocks, 
each tied to all loops. Other configurations are 
possible, however. 

Right-left or left-right — how goes the flow? 

Because the CCD is itself symmetrical to charge 
flow, charge can be moved fither left-to-right or 
right-to-left, depending on the sequencing of the 
clocks. Most designs, however, restrict the flow 
of charge to one direction to simplify the design 
of the refresh amplifier within a loop. 

Fig. la shows a charge packet — representing a 
logic ONE — moving one location to the right as 
the clocks are sequenced. A well first forms at 
node n + 1 when phase 4 goes HIGH. But :S 
contains no charge until transfer phase 3 con- 
nects the charge at node n to the well at node 
n + 1, causing redistribution of the charge over the 
larger storage well. Transfer comple'tes as phase 2 
and then phase 3 go LOW, causing the well to 
shorten and the charge to flow to the n + 1 node. 
A logic ZERO transfers in the same fashion, 
except the charge packet contains significantly 
less charge. 

Lef s get organized 

The primary organizational difference between 
a RAM and a CCD is that the RAM — because of its 
direct access capability — requires a very long and 
highly capacitive bit sense line to conduct the 



stored charge to the sense amplifier. In contrast, 
a CCD moves the charge serially to a sense 
amplifier at the end of a register. This charge 
dumps onto a low capacitance region, resulting in 
'significantly larger voltage transitjpcis than experi- 
enced with RAM's. For this reason, CCD sense 
amplifiers can be i^feAy si«i»^ied. tn turn, since 
.sense amplifiers' represent 'a fflajor portion of 
~^RAM power dissipation, RAM's use considerably 
more power than CCD's. 

Fig. 2 shows ;the layout of a 16k dynamic RAM 
9nd A# t6k CCD. Because of the additi^iftal 
decoders required, the more complex sense 
amplifiers, and the increased timing and control, 
the RAM-cell periphery represents 66% of the 
total chip area. This compares to 45% for the CCD. 

Although these organizational factors tend to 
lower CCD manufacturing costs somewhat, the 
primary cost differences tend to relate to the 
simpler construction techniques for the CCD 
storage array. In Fig. 1, note that unlike the RAM 
design, the CCD cell has no metal-to-silicon 
contacts, requires no diffusions and contains no 
metal. The CCD array is an undisturbed area of 
silicon with overlaying gate structures. 

Device costs reflect device complexity 

fhese fal>r)cation advantages combine to pro- 
duce a price per bit ratio between RAM's and 
CCD's of approximately 4:1; i.e., a 16k CCD costs 
about the same at the device level as the 4k RAM. 
But while this price ratio exists today for compara- 
ble quantities 3^d.4tliv9rlf$.<.vvill it continue in 
the future? The fact mat' both'"RAM's and CCD's 





CC6 



RAM 



CCd AND RAM CEJ.L ARE4 . 

1- . ... 1, . • . . .. - 

Fig. 2-'<nHlr«rin«iilfiieturing co^s are the direct result ol CCD 
chip organizational factors. As the comparison shows, almost 
half again as much of the RAM chip area is dedicated to 
peripheral cirjcuit requirements (decoders, amplifiers, etc.). 
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TABLE 1 
BOARD COST-CCD vs. RAM 





16k CCD 


Ak RAM 


16k RAM 


QTY. 


ITEM 


COST 


TOTAL 


QTY. 


ITEM 


COST 


TOTAL 


QTY. 


ITEM 


COST 


TOTAL 


STORAGE DEVICES 


64 


2416 


$8 


$512 


64 


2104 


$8 


$512 


64 


2116 


$32 


$2048 


CLOCK DRIVERS 


16 


5244 


$3 


S 48 


2 


TTL 


$0.5 


$ 1 


2 


TTL 


$0.5 


$ 1 


OTHER MEMORY DRIVERS 


6 


3245 


S3 


S 18 


6 


TTL 


$0.5 


$ 3 


6 


TTL 


SO. 5 


S 3 


LOGIC 


10 


TIL 


SO 5 


$ 5 


10 


TTL 


S0.5 


S 5 


10 


TTL 


SO. 5 


S 6 


P.O. BOARDS 


1 


PCB 


S36 


$ 36 


1 


PCB 


S35 


$ 35 


1 


PCS 


$35 


S 35 


MISC. COMPONENTS 






sio 


$ 10 






$10 


$ 10 






$10 


$ 10 


ASSEMBLY 81 TEST 






S60 


S 60 






S60 


S 60 






$60 


$ 60 


TOTAL 








$688 




$626 




$2162 



are currently available in 16k densities prompts 
some concern that the ratio has already col- 
lapsed, even though 16k CCD's have been in 
production for two years and 16k RAM's are just 
entering early production. To understand why 
this Is not the case, let's study historical MOS 
trends. 

Using the past to predict the future 

From the introduction of the integrated flip- 
flop to the 16k dynamic RAM, the trend has been 
that RAM densities increase by a factor of four 
every two years. Dynamic RAM's have led the 
way, with static RAM's following one generation 
(two years) behind. Fabrication similarities for 
dynamic RAM's and CCD's, coupled with the 
more simplified CCD cell and array structure, 
suggest that a given density can be achieved at an 
earlier point in time with a CCD organization than 
with a RAM organization. Actually, CCD devices 
appear to be one year (one half a generation) 
ahead of RAM devices in level of integration. 

A corollary of the previously mentioned postu- 
late (i.e., a factor of four increase in density every 
two years) states that a factor of two reduction in 
price/bit is achieved with every new level of 
density. That is, two years gives a factor of four in 
density and a factor of one half in price/bit. These 
trends have been maintained through many 
successive generations of devices. At each gener- 
ation, the new device is initially manufactured 
and sold at a cost/bit premium over the previous 
generation. Early in the product life, cc>. falls 
rapidly as the new device moves into full produc- 
tion, TypisaHy, within a year the co>^t.^(^^£low 
the level ^abli<^ed by the pr^tjaus'^^l^lce, 
eventually tending towards a level .of approxi- 
mately one half the previous bit cost. ' 

Technology tmnsfersiiadc antf torih ' '- 

One factor supporting the continuation of a 
constant price ratio between CCD's and RAM's 
relates to the close similarities in their fabrication. 
The relationship between CCD development and 



dynamic RAM development is more causal than it 
appears. In fact, it was the development of the 4k 
RAM that led to the development of the 16k CCD, 
that in turn led to the development of the 16k 
RAM. 

Next generation devices build on current 
gieneration technology, and in this way shipments 
of either CCD's or RAM's provide a learning 
experience for the process, and both device types 
benefit. Any Improvements in masking technolo- 
gy made for RAM's or CCD's can be applied to the 
other. Similarly, any reduction in defect densities 
made for one reduces the defect density for the 
eitjter, Thus, the RAM and CCD share a joint 
learhjVig curve. 

The nuiitbers tell the story 

Now for a specific example — a hypothetical 
lOM-byte bulk storage system. To compare cur- 
rently available 16k CCD's and 4k RAM's would 
somewhat distort the analysis due to the half 
generation difference between CCD and RAM 
developments. Therefore, we have also included 
16k RAM's in the analysis, although 16k RAM 
availability lags 16k CCD availability by about one 
year. 

A 8-in. X 12-in. board can hold 64 storage 
devices with their associated drivers. Table 1 
compares the cost of such a memory board 
incorporating CCD or RAM devices, with the 
assumed device costs based on medium volume 



TABLE 2 

STRUCTURAL, ASSEMBLY AND TEST COSTS 





16k CCD/RAM 
QTY. COST TOTAL 


4k RAM 
QTY. COST TOTAL 


CHASSIS & BACKPLANE. 
MAINTENAhiC'i CANEL ' 

CABLING 
CABINET 

SYSTEM ASSEMBLY 
SYSTEM TEST 


,? 400. 1200 
1 soft' 500 
500 
500 
1000 
. 1000 
$4700 


10 400 4000 
i 500 500 

1000 
1000 
2000 
1600 


TOTAL 


$10,000 
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TABLE 3 
SYSTEM COST-CCD n. RAM 





16k CCD 
QTY. COST TOTAL 


4k RAM 
QTY. COST TOTAL 


16k RAM 
QTY. COST TOTAL 


STORAGE BOARDS 
CONTROU UNIT 
POWER SUPPLY 

SPfajWEJSlAt, ASS'Yft TEST 

TOTAL 


80 668 55,040 
1 700 700 
IkW Sl/W 1,000 
'"■ 4,700 

$61,440 


320 626 200,320 
1 700 700 
2kW $1/W 2,000 
10,000 

$213,020 


80 2162 172.960 
1 BOO 500 
0.7kW $1/W 700 
4,700 

$178,860 



TABLE 4 

BIT COST COMPARISON-CCD vs. RAM 



COST 

(mi//BITI % 



COST 
(mi/BIT) 



% 



COST 
(m</BIT) 



STORAGE DEVICES 48.8 66.7 

CLOCK DRIVERS ' ' "^i 63 

irimKiemDitiEms - ' 16.7 

CONTRSiLltBflfrr a 1.1 

POWER 1.2 1.6 

STRUCTURAL. ASS'Y & TEST 5.6 7.6 



195.3 
0.4 
■"«.l'"- 
■ 0.8 
2.4 
11.9 

253.9 



76.9 
0.1 

17.0 
0.3 
1.0 
4.7 



195.3 91.6 

0.1 -- ' 

5.6 2.6 
213.2 
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purchases of standard products. Higher volumes 
would produce lower prices, but would not 
disturb the price ratios and would not materially 
affect the results of the comparison. 

The CCD boiird requires 16 MOS-level drivers 
i6f%M't&i4m clock inputs, compared to two 
TFL-ltevBl cteek drivers for the RAM'sr It ailsia 

in^eariJf IWsctew^^ii^eis^ f b« cM^vMig beard' 
costs ate-^lvtimm^. ' ■ ■• bu.;^ - 

A chassis 22-in. Wx9-irt.' Hxl3MiK?a4K##>^' 
memory boards spaced 5/& im'>>^pH^<^'fii«ee; 
chassis hold the 80 16k CCD or t6k SbUM bcHM 
required for the complete system with room to 
spare. By contrast, you need ten chassis to hold, 
the 320 4k RAM boards for this size system. 
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Table 2 breaks out structural, assembly and test 
costs. Although these are identical for the 16k 
CCD and I^VSAM s0ttmMi A^ian&considerably 
higher for the 4k RAM system due ^jtoi the- larger 
numbiei' @f beards and components. Table 3 
summarizes atl system costs. The hypothetical 
10M byte system costs 161^440 when built with 
CCD's, or $1 17,420 'St* Mst expensive 
(16k) RAM system. 

Observe that the 4:1 RAM/CCD device cost 
ratio reduces to a 3:1 system cost ratio because of 
the allocation of the other system costs to the 
memory as shown in Table 4. Notice also that only 
67% of the total CCD system cost is in the storage 
devices, compared to 92% for the 16k RAM 
system, a 



Kirk Mackenzie is a CCD 

Product Marketing engi- 
neer at the Intel's Compo- 
nents Div. Hi5 present du-, 

management and plan- 
ning for CCD's as well as 
static RAM's. He has a 
BSEE from the Univ. of 
California and is presently 
working on his MBA. Kirk's hobbies include 
photography, kayaking and backpacking. 




16-4 



APPENDIX 



NON- VOLATILE MEMORY USING THE 
INTEL® MCS-40' WITH THE 5101 RAM 

Cbon Hock Leow, Application Engiiffiaring 



INTRODUCTION 

The unpretUctabflity of power fiiUure in a volatile 
memory based system can result in a loss of irre- 
placeable information. Terminals, portable equip- 
ment and data collection instruments are but a few 
devices that require low cost non-volatile storage. 
Most read/write semiconductor memories are vola- 
tile i.e., information is lost when power is removed. 
Intel's 5101, IK (256 x 4) CMOS static RAM with 
its extremely low standby power dissipation, typ- 
ically 25/jW, makes it feasible to retain information 
for weeks (444 days) using ordinary pen-light bat- 
teries on a "battery standby" mode. The use of a 
simple battery subsystem to maintain information 
can be a dgnif icant system cost reduction. 

This note describes a technique for utilizing the 
5101 RAM in a MCS-40 microcomputer based sys- 
tem. The MCS-40 is a four bit microcomputer sys- 
tem consisting of an array of CPUs, ROMs, RAMs, 
I/O devices and Peripherals. The specific MCS-40 
configuration discussed here, offers a means of 
maintaining processor data via batteries in a power 
standby mode. 



4289 AND 5101 INTERFACE 

The MCS-40 utilizes a 4289 standard memory 
interface chip to accommodate the 5101 RAM. 
The RAM being CMOS and the 4289 being PMOS 

necessitates family interface considerations. 

The Data Input lines (DI0-DI3) of the 5101 have 
a minimum input 'low' voltage (Vjl) of -0.3V, 
while the bi-directional I/O data lines (I/O0-I/O3) 
of the 4289 have a typical output 'low' voltage 
(Vol) of -5V (with Vss tied to -f5V). With this in- 
compatibility in voltages, buffers or clamped diodes 
(Germanium) are needed between the bi-directional 
I/O data lines (I/O0-I/O3) of the 4289 and the Data 
Input lines (DI0-DI3) of the 5101. This also applies 
to the PM line of the 4289 and the R/W line of the 
5101. 

The Data Output lines (DOo-DOslof 5101 have a 
minimum output 'high' voltage of 2.4V, while the 
OPA0-OPA3 and OPR0-OPR3 need a minimum in- 
put 'high' voltage of 3.5V (with Vgs tied to 5V). 
Pull-up resistors are required on the OPR0-OPR3 of 
the 4289 to meet the required voltage. The DBq- 
DB3 lines of 3216 have a minimum output 'high' 



voltage of 3.5V, eliminating the need for any puU- 
up resistors. 

With Vddi of the 4289 tied to ground, the ad- 
dress and chip select lines are TTL compatible, elim- 
inating the need for any buffering. 

As can be seen in the schematic, Germanium 
diodes are used on the DIq-DIs bus and R/W line 
(5101) and 3.3K pull-up resistors are used on the 
D0b-D03 bus (5101). 

The user has the option of not using the 3216 to 
channel data from 5101 onto the OPA0-OPA3 of 
4289 by using an additional RPM Instruction to 
flip the F/L flip-flop of the 4289. 



INTERFACE CONSIDERATIONS 

Only 1 standard CMOS NAND chip is needed to 
ensure CE2 of the 5101 is low during and after the 
process of power failure. When power is going down, 
one has to ensiure that no random data is written 
into the 5101. This is accomplished by an output 
port and controlled by the program. In this case, a 
RAM output port, 4002, is used to control a simple 
RS flip-flop, implemented with 2 NAND gates, 
CD4011AE. This CMOS NAND device has to be 
backed up by the battery also. 

The output lines (OQ-O3) of 4002 have a mini- 
mum output low voltage of -7V (with Vgg tied to 
5V). A clamped diode is advised although a gate- 
oxide protection circuit is already incorporated in- 
to CMOS integrated circuits. In this case, a silicon 
diode is lased. 

Further Details 

(1) A pull-up resistor is needed per CS input of 

4702A. 

(2) A pull-up resistor is needed on the output 
of TTL driving the CMOS. 

(3) Buffering is required between the outputs 
of 4702A and 5101. Intel's 3212 Input/Out- 
put Bipolar device meets this requirement 
adequately, with the added feature that 
more than four 4702As can be OR-tied 
without degrading the access time tremen- 
dously. 

Battery Supply 

The battery standby system used is a simple, low 
cost parallel diode switch. In order to drive this sys- 
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tern, the battery voltage and dc siupply voltage 
should relate as follows: 

Vd = 0.7V (diode drop) 

+ Vd 

Vmax + Vd > V supply (Vg) > Vmm + Vd 
Note: Vmax and Vmi„ refer to the 5101 
and CD 4011AE. 

In the event the supply drops below Vmin., tiie 
battery will forward bias diode Dl (refer to sche- 
matic) to form a closed-circuit and the 5101 and 
CD4011AE will continue to function properly 
through the battery. If a rechargeable battery is 
used, the battery can be trickle charged through a 
resistor. 




INTfRRUrrED 



START EXECUTION 
AT LOCATION 3 



SAVE 
4002 
IN 5101 



DISABLE CE2 
LINE OF 
5101 



Theory of Operation 

Hardware Aspect 

On detecting power up, the 4201 generates a re- 
set pulse required by MCS-40 components. This re- 
set pulse is also translated to TTL level by transistor 
Qi to enable operation of the dlQl. The CPU has 
to be enabled for interrupt M ov^er to re^^pSsfe- 
any interrupt. On detection of afiEf#«9ffidMr§,t1ie 
CPU is interrupted and 4040 begiii« prts^am esEecu- 
tion at tmimty lomMm 3. M^Sf a Vmim Msmri 
Routine (PDR) starts at location 3 or it eonlaNi a 
jump vector to the PDR. With one 5101, more ttian 
three 4002 memories can be saved in it. The fth 
line of 4289 is not used in both writing into ^& 
reading ftom 5101. A&ex ihe PDR, the RS flip-flop 
has to be togged by ike 4002 tois&iMe^ iES 
line so as to ensure ISiat no random data is written 
into the 5101 during powi^ laraAtfibns; TIaas is 
done by brining the CECi'L loW (tetet tti sdtie^ 
mstae). the tbove operations bave ta'be'iloii^ 
before ffie' power supply drops below the ftiiiiiimtiiri 
required voltage for the system. The time depends 
on how much memory one needs to save and what 
other I/O procedures need to be accomplished. This 
impUes that the DC power supply must maintain 
power for s Itetted-time aftra « line dic^ ocma. 

Software Considerations 

As the operation of the system depends entirely 
on the program, careful consideration must be given 
to the construction of the program given the limit- 
ed time that the CPU has before the voltage drops 
below the minimum requirement. The following 
program is written only to save the majority of the 
4002 (specifically, 4 registers of the 16 main mem- 
ory characters — 64 characters). The test line is used 
to distinguish whether a power failure has occurred. 
Test line is false (0) when no power failure has oc- 
cuned and iitie otherwise. 



FROM THIS POINT 

ON, VOLTAGE 
CAN DROP BELOW 
MINIMUM REQUIREMENT 



raWER UP ROUTINE 



Figure 1. Program Flow Chart 



The mnemonics used in the following program 
are those of the 4004/4040 Macro Assembler 
(MAC 4). 



INDEX REGISTERS MAP 



5101 BAM ADR 
RAM PORT ADR 



MSB 



4002 CHIP/REG ADR 



14 


15 


12 


13 


10 


11 


8 


9 


6 


7 


4 


5 


2 


3 





1 



LSB 



4002 CHAR ADR 



MAIN PROGRAM 

NOP 

START: JUN CKTEST 
PDR: FIM 6,0 

um 



0,0 



;No Operation 
:Jump to check test 
^ine 

;A7-Ao = OOH for 
^MOS RAM 
;Seleet CM-RAMO 

irheae two iaitmie- 
jutiias mx teqniied if 
iCU-RAM line is not 
;0 during inteoupt 
^ave 4002s Reg. 
in CMOS RAM 
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JMS 


SAVE 






6 


;Increment 5101s ad- 




mc 





;Save 4002s Reg. 1 






;dress A7-A4 




JMS 


SAVE 




BBL 





;Return 




DiC 





;Save 4002s Reg. 2 


RESTORE: SRC 


6 


-^t-up 5101s 






SAVE 








;address 




. mc 





;SaTe 4002s Reg. 3 


RPM 




;Fetch data from 




ms 


SAVE 








;5101 


_ - . 


^ FBI 


4,PORT 


■PORT 0=000000008 


SRC 





;Set;up 4002s RAM 




SRC 


4 


;8et-up RAM port 






icharacter 




LDM 


CECTL 


;CECTL = 0001Bcor- 


WRM 




;Restores it 








presponds to Oo line 


INC 


7 


-.Increment 5101s 




WMP 




J)isable CE2 line 






;addre8s A3-A0 


HERE: 


JUN 


HERE 


;Wait for power to 
'jgio down. 


ISZ 


1, RESTORE 


^'oint to next 4002s 
;RAM character and 


CKTEST: 


JNT 
RIM 


INIT 
6,0 


;A7-Ao = OOH 
jCM-RAMO is auto- 
^naticaUy selected 
;after reset so that 
■jao LDM 0, DCL 


INC 
BBL 


6 



;continue until all 16 
;main characters are 
;restored 

•.Increment 5101s 
address A7-A4 
;Return 



FIH 



0,0 



JliS RESTORE 

INC 

JMS RESTORE 

INC 



DOT: 



JMS 
INC 



JMS 



RESTORE 




RESTORE 



;needed 

;B«stoie 4D02s Reg. 
;0 from 
iCMOSRAM 
;Restore 4002s 
;Reg. 1 

;Restore 4002s 
;Reg2 

;Restore 4002s 
;Reg. 3 

;Enable interrupt 



SUBROUTINES 
SAVE: SRC 

'warn 

SRC 6 
WPM 




From this point on, normal prooegsing can pio- 



;Set-up 4002 EtMi 
;charaeter 

;FetdiRM(elwne- 

;ter 

;Set-up 5101s 
;address 

;Write into CMOS 
■fiAM. Note that 
;only one WPM is re- 
;quired as the hard- 
;ware does not uti- 
;lize F/L flip-flop 
;Increment 5101s 
;address A3-A0 
;Point to next 4002s 
;RAM character and 
^ntinue until all 16 
jmin characters are 
;saved 



me 7 

ISZ IJSAVS 



Subroutine called SAVE is to save 4002s RAM 
characters into 5101. The data is saved sequentially 
starting at address 00. The above powrer down rou- 
tine requires 478 memory cycles. With a 10.8 Ais per 
memory cycle, the power supply has to maintain 
the minimum required voltage tor at least 5.16 ms 
(478 X 10.8 /IS = 5160.4 fis). 

Subroutine called RESTORE is to restore 4002s 
RAM characters from 5101. 

Note that CPU was not enabled for interrupt im- 
til after all the restoring was finished. 

System Performance 

The 2 CMOS chips, CD4011AE and 5101, draw 
a maximum of (15 + 15) mA = 30 nA, and Ql, Rl, 
R2, R3 draw a maximum of 7.5 liA (with Vccs = 
4V). With a total of 37.5 fiA on a standby mode, 
data retention can be maintained for 444 days using 
a 0.4 ampere-hour battery system. The 256 x 4 
organization of the 5101 makes it suitable as a sub- 
stitute for 4002 on standby mode. 

The schematic shown can address up to 2K of 
ROM i.e., 8 of 4702As. Rl, R2 and R3 can be op- 
timized to draw less current depending on the 
transistor used. 



Alternate System Configuiaticm 

The Power Down Protect Logic (PDPL) which 
comprises of 4002, CD4011AE and 7404 can be 
left out if the user does not require the power down 
protect capabiUty. If PDPL were left out, the fol- 
lowing connections have to be ipodified : 

(1) Tie CS2 of 5101 hi|^ 

(2) Connect PM of 4289 to CEl of 5131. 
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The 3216 can be left out if the user chooses to 
use an extra RPM instruction to keep track of the 
F/L flip-flop of 4289. If the 3216 were left out, 
the RESTORE subroutine would then be the fol- 
lowing. 

RESTORE: SRC 6 

RPM ;TMs is the dttmmy 

;instruction in 
;place of the 3216. 
'^(ter res^ the first 
;RPM win read 
^)PAo-OPA3. Be 
;cause the DO0-DO3 
;of 5101 are tied to 
;OPRo-OPR3, this 
;first RPM does not 
;pick up any useful 
;information. ft 
;only serves to flip 
;the F/L flip-nopso 
;as to enable the 



jnext RPM to ac- 
yeat the useful in- 
;fonnation. 
RPM ;Fetcb data from 

;5101 

SRC 
WRM 
INC 7 

ISZ 1. RESTORE 

mc 6 

BBL 



Conclusion 

The 5101 as an MCS-40 Data Memoiy element 
can raduce tiie power consumption durbig the 
power down or standby mode. The use of low cost 
batteries to maintain important system data during 
a standby mode dramatically reduces user system 
cost over alternative methods. This is particularly 
true when small quantities of memory are involved. 




Figure 2, 4040 and S101 Block Diagram 
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INTEL MILITARY PRODUCTS 
IC 38510 PROGRAM 




Intel offers selected products In full conformance with requirements for military components. 
Effort is underway by agencies of the Department of Defense with full Intel cooperation to estab- 
lish "JAN" standards for several of our products. Intel has led these standards by emulating the 
anticipated "JAN" processing and lot acceptance requirements with the Intel in-house IC 38510 
Program. Intel Specifications are available which document general and detailed requirements for 
each of the military products. Detail specifications are organized by generic family and provide all 
information necessary for non-standard parts submissions in accordance with MIL-STD-749, Step I, 
Step II, and Step 1 1 1. These documents are available from your local Intel Sales Office or authorized 
Intel Distributor. 

- . ThF>ee levels of product assurance are offered: Level B, Level C, and Military Temperature Only. 

The Military Temperature level products have guaranteed operating characteristics over the specified 

temperature range and have undergone Intel's rigid product assurance requirements. 

Level C and Level B products are in conformance with Ml L-STD-883, Method 5004 requirements, 
and in addition, have a specified maximum rebond criteria (10%) and a specified burn-in PDA 
(10%), all documented in the detail specifications, consistent with 38510 requirements. Lot con- 
formance tests are performed in accordance with MIL-STD-883A, Method 5005. 



lilTBIi. MIMTAity PRODUCT F^LV 



MCS-80 


3000 Series 


PROMs 


RAMs 


MC8080A 


MD3001 


MC1702A 


MD2102A-4 


IVID8102A-4 


MD3002 


MC2708 


MD2115L 


MD8212 


MD3003 


MD3601 


IVID2125L 


l\/ID8214 


IVID3212 


l\/ID3604 


M€5tai-4 


MD8216 ■ 


MD3214 




IWC5101L-4 


MD8224 


MD3216 






MD8228 








MC8251 








IVIC8255 








IV1C8316A 








MC8702A 






MC8708 










PSG-5 



MANUALS AND HANDBOOKS 



(Please include check or money order payable to Intel Corporation or BankAmericard or Master Charge 
number. Purchase Orders are accepted for amounts of $100 or more.) 



1977 Memory Design Handbook- ■ .. $5.00 

MCS-40'^" User's Manual $ 5.00 

MCS-48"^"' User's Manual $ 5.00 

MCS-SG"^" User's Manual $ 5.00 

MCS-SS""" User's Manual $ 5.00 

Series 3000 Reference Manual $ 5.00 

4004/4040 Assembly Language Programming Manual $ 5.00 

MCS-48 Assembly Language Programming Manual ~ $ 5.00 

8080 Assembly Language Programming Manual $ 5.00 

PL/M-80 Programming Manual ' $5.00 

Series 3000 Microprogramming Manual $ 5.00 

SBC 80/10 Hardware Reference Manual $ 5.00 

SBC 80/20 Hardware Reference Manual . . .. $5.00 

Intellec® Development System Operator's Manual $15.00 

Intellec® Development System Reference Manual $25.00 



ADDITIONAL LITERATURE 



Intel providas a variety of brochures, application notes, design manuals and other literature. The list below 
includes the most pof>ular publications available at the time of this publication. If you wish to receive Intel 
literature, contact your local Intel sales office representative, distributor or write Intel Corporation, Litera- 
ture Department, 3065 Bowers Avenue, Santa Clara, California 5QS1. Volume and Educational discounts 
are available. 

International locations also provide selected literature in Japanese, French or German. 

Complementary Information 

BROCHURES 

IVICS-48'"^ Brochure 

MCS-80''" Brochure 

IVICS-85^"' Brochure 

SBC Single Board Computer Brochure 

PL/M Application Brochure 

Intellec® Brochure 

REFERENCE CARDS 

|VICS-40^" AsseWWy Language Refe»nis»'Card 
IVICS-48''^'*" As^amteiy Language Referewee Card 
MCS'SO™ Assernhly Language Refwen^e Card 

RELIABILITY REPORTS 

RR 6 1702A Silicon Gate MOS 

RR 7 2107A/2107B 

RR 8 Polysilicon Fuse Bipolar PROM 

RR9 MOS Static RAMs 

RR 10 8080/8080A Microcomputer 

RR 1 1 2416 16K CCD Memory 

RR 12 2708 8K Erasable PROM 

RR 14 2115/2125 MOS Static RAMs 

APPLICATION NOTES 

AP 22 Which Way for 16K? 
AP 23 2104A4K RAM 
AP 24 2m«< RAM 



intel' 



Tel. UOaj 246-7501 
TWX, 910-338-0026 
TELEX- 34-6372 



U.S. AND CANADIAN DISTRIBUTORS 



IkS. AND CANAOWW 0WTRIBUTOR8 



ALABAMA 

f Hamilton /A vn el Electrontes 
8DS Ossr Drive NW 
Huntsville 35805 
TeJ: t20S) 533-1170 

ARIZONA 

Hamillon/Avnei Elecironfes 
2615 South 21 SI Sireat 
PhoeniK eS034 
Te): (602) 275-7851 
Liberly/Arizona 
3130 N. 27th Avenue 
Phoenix 85107 
Tell (802) 257-1272 
TELEX. 910-951-4282 

CALIFORNIA 

Avnel Electronics 

350 McCormick Avenue 

Costa Mesa 92626 

Tel - (714) 754-6083 

IHamllton/Avnel Electronics 

575 E. Middfefieid Road 

Mounlatn View 94040 

Tel: (415) 961-7000 

I Hamilton/ A vnet Electronic 

S917 Complex Drive 

SanDleso 92123 

Tet: (714) 279-2421 

I Hamilton Electro Sale* 

10912 W. Washington Boulevard 

Culver City 90230 

Tel: (213) 558-2121 

ICramar/San Francisco 

720 Palomar Avenue 

Sunnyvale 94096 

Tel : (408) 739-3011 

I Cramer/Los Angefes 

1720 Daimler Street 

Irvine 92705 

Tel: (714) 979-3000 

(Liberty Electronics 

124 Maryland Street 

Et Segundo 90245 

Tel: (213) 322-8100 

TB[.-(714)63B-re01 

TWX: 910-348-7140 

Liberty/San Diego 

8248 Mercury Court 

San Diego 92111 

Tel: (714) 585-9171 

TELEX: 910-335-1590 

El mar Electron res 

2288 Charleston Road 

Mountain View 94040 

Tel: (415) 961-3611 

TELEX- 910-379-6437 

COLORADO 

Cramer/ Denver 

5465 E. Evans Pi. at Hudson 

Denver B0222 

Tel (3031 758-2100 

Elmar; Denver 

6777 E. 50th Avenue 

Commerce City 90022 

Tel: (303) 287-9611 

TWX: S10-9W-0770 

I Hamlllon/Avnet Electronics 

5921 No. Broadway 

Denver 60216 

Tel: (303) 534-1212 

CONNECTICUT 

C ramer/Conneciicut 

35 Dodge Avenue 

Norlh H«v«i 06473 

T^: (203) 239-5841 

Hamilton/Avnel Eleclronica 

643 Danbury Road 

Georgetown 06B29 

Tel: (203) 762-0381 

Harvey Electronics 

112 Main Street 

Norwalk 

Tet: (203) 853-1S1S 
FLORIDA 

Cramer/E.W, Hollywood 
4035 No. 29tli Avenue 
Hollywood 33020 
Tel (305; 923-8181 
^ Ham 11 Ion /Avnel Electronics 
6600 Norlfiwesl 20th Ave 
Fi. LauderOale 33309 
Tel (305) 971-2900 
ICramer/EVtf Orlando 
345 No Graham Ave. 
Orlando 32614 
Tel: (305) 894.151 1 
Pionrar 

6220 S. Orange Blossom Trail 

Suite 412 
Orlando 3^09 
Tel: (305) SS9-38(» 

GEORGIA 

Cramer 

6456 Warren Drive 
Notcross 30071 
Tel: (404) 448-9050 
HamMion/Avnel Eleclronica 
8700 I 85. Access Road. Suite 2B 
Norcross 30071 
Tel: (404) 448-0800 



lUtHOIS 

I Cramer/Chicago 

1911 So. Busse Rd. 

Ml. Prospect 60056 

Teh (312) 593-8230 

I Hamilton/A vnet Electronics 

3901 No. 251h Ave. 

Schiller Park 60176 

Tel: (312) 678-8310 

INDIANA 

Plonear/lndlgna 
8408 Caslleplaoa Drive 
Indianapolto 48250 
Tet: (317) 849-7300 
Sheridan Satea Ca 
8790 Purdue Road 
IndlenapoRs 48269 
Tel: (317) 297-^146 

KANSAS 

Hamilion/Avnel E'eotronl^ 
37 Lenexa Industrial Center 
9900 Pflumm Road 
Lenexa 66215 
Tel: (913) 888-8900 

MARYLAND 

Cramer/EW Baltimore 

7^5 Standard Drive 

Henover 21076 

Tei: (301) 796-5790 

} Crafflsr/EW Washington 

18021 industrial Drive 

Gallhersburg ^760 

Tel: (301) 948-^110 

I Hamilton/ Avnet Electronics 

723S Standard Drive 

Hanover 21076 

Tei: (301)796-5000 

Pioneer/Washington 

9100 Galiher Road 

Qaithersburg 20760 

Tel: (301) 948-0710 

TWX: 710-828-0545 

MASSACHUSETTS 

iCramer Electronics fnc. 

85 Wells Avenue 

Newton 02159 

Tel. (617) 969-7700 

f Hamilton/Avnel Efeclronlcs 

100 E. Commerce Way 

Woburn 01801 

Tel: (617) 933-8000 

MICHIGAN 

Sheridan Sates Co 
34543 Indoplex Drive 
Farminglon Hills 48024 
Tel: (313) 477-3800 
I Pioneer/Michigan 
13485 Slamford 
Livonia 48150 
Tel: (313) 729-8500 
IHamillon/Avnei Electronics 
324B7 Schoolcraft Road 
Livonia 48150 
Tel: {313} 522-4700 
TWX: 810-242-8775 

MINNESOTA 

lindustnal Components 

5280 Wesi 74th Street 

Minneapollb 55435 

Tel. (612) 631-2666 

Cramer/Sonn 

7275 Bush Lake Road 

Edina 55435 

Tel. (6121 835-7811 

(Hamlllon/Avnel Elecn-onlcs 

7683 Washington Avenue So. 

Edina S543S 

Tel; (612) 941-3801 

MISSOURI 

tHamillon/Avnet Etactr^itca 
364 Brookes Lane 
Haz^wood 8^2 
Tel: (314) 731-1144 

NEW JERSEY 

Cramer/Pennsylvania, Inc. 
1? Springdale Road 
Cherry- HIH Industrial Center 
Cherry Hill 08003 
Tel 1609) 424-5993 
TWX 710-896-0908 
IHamilton/Avnet Electronics 
218 Little Palls Road 
Cedar Grove 07009 
Tel: (201)239-0800 
TWX: 710'«4-S787 
Cranwr/New Jersey 
Mo. 1 Barrett Avenue 
Moonachle 07074 
Tel: {201)935-5600 
Harvey Electronics 
387 Passaic Avenue 
Fairfield 07006 
Tel; (Ml) 227-1262 



NEW JERSEY (conL) 

iHamilion/Avnet Electronics 

113Gaither Drive 

East Gale Industrial Park 

Mt. Laurel 08057 

Tel: (609) 234-2133 

TWX:710-897-14« 

NEW MEXICO 

Ha mi I ton /A vnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 
Cramer/ New Mexico 
137 Vermont. N.E. 
Albuquerque 87108 
Tel 15051 265-5767 

NEW YORK 

Cfamer/Rochesler 
3000 Winton Road South 
Rochester 14623 
Tel: (716) 275-0300 
lHamilton/Avnet Electronics 
167 Clay Road 
Rochester 14623 
Tel: (716) 442-7820 
ICramer/Syracuse 
6716 Joy Road 
East Syracuse 13057 
Tel: (315) 437-6571 
IHamiflon/AvnGl Electronics 
6500 Joy Road 
E. Syracuse 13067 
Tel. (315) 437-2642 
• ICramer/Long Island 
39 Oser Avenue 
Hauppauge. LI. 11787 
Tel: (518)231-5600 
TWX: 510-227-9663 
IHamilton/Avnet EleolrontoSH 
70 State Street 
Westbury, L.I. 11590 
Tel: (518) 333-5800 
TWX, 510-222-8237 
Harvey Electronics 
60 Crossways Parli W^t 
Woodbury 1 1 797 
Tel: (516) 921-8700 

NORTH CAROLINA 

Cramer Electronics 
938 Burke Street 
Winston-Sslem 27102 
Tel: (919) 725-8711 
Pioneer/Carolina 
2906 Baltic AvwilW 
Greensboro 27406 
Tei: (919) 273-4441 
TWX: 510-925-1114 

OHIO 

Cramer/ Cleveland 
5835 Harper Road 
Cleveland 44139 
Tel: (216) 246-8400 
IHamllton/Avnet Electronics 
lI8Westpark Road 
Dayton 45459 
Tel. (513) 433-0610 
TWX: 810-45O-2M1 
i Pioneer/ Dayton 
19O0 Troy Street 
Dayton 45404 
Tel: (513) 336-9900 
I Sheridan Sales Co. 
10 Knollcresi Drive 
Cincinnati 45222 
Tel: (513) 761-5432 
TWX: 810-461-2670 
IPIoneer/Clev^and 
4800 E. 131at Street 
Cleveland 44105 
Tel; (216) 587-3600 
IHamilton/Avnet Electronics 
761 Beta Drive 
Cleveland 44143 
Tel (216)461-1400 
Sheridan Sales Co. 
23224 Commerce Park Road 
Beach wood 44122 
Tei: (216)631-0130 
Sheridan Sates Co. 
35Compark 
(teyton4S459 
Tel; (513) 2r-' 

OKLAHOMA 

Components SpecialtiM. Inc. 

7920 e. 40th SIreel 

Tutsa 74145 

Tel: (91B) 664-2820 

OREGON 

Almac/Stroum Electronics 
4475 S.W. Scholls Ferry Bd. 
Portland 97225 
Tel: (503) 292-3534 

PENNSYLVANIA 

Sheridan Sales Co. 

1717 Penn Avenue, Suite 5000 

Pittsburgh 15221 

Tel: (412) 244-1640 



PENNSYLVANIA (cont) 

Pioneer; Pittsburgh 
560 Alpha Drive 
Piltsburgh 1S23B 
Tet (412) 782-2300 
Pioneer.' Delaware 
203 Wiimer Road 
Horsham 19044 
Tel: (215)674-5710 
TWX: 510-665-6778 

TEXAS 

Cramer Electronics 

13740 Midway Road 

Dallas 75240 

Tel: (214) eei-osoo 

fHamiiton/Avnet Electronics 

4445 Sigma Road 

Dallas 75240 

TelL[2U) 661-8661 

I Hamilton /Avnet Electronics 

3939 Ann Arbor 

Houston 77063 

Tel: (713) 780-1771 

Component Specialties, Inc. 

10907 Shady Trail, Suite 101 

Dallas 75220 

Tel: (214) 357-6511 

i Component Specialties. Inc. 

7313 Ashcrofl Street 

Houston 77036 

Tel (713J 771-7237 

UTAH 

Hamlllon/Avnet Electronics 
1585 West 2100 South 
Lake City. 84119 
Tel: (801) 972-2800 



FHamJtton/Awiel Electronic* 
13407 Norttirup Way 
Bellevue 98005 
Tel: (206) 746-8750 
f Almac/Stroum Electronics 
5811 Sixth Ave. South 
Seattle 98108 
Tel: (206) 763-2300 



CANADA 

ALBERTA 

L. A. Varah Ltd. 
4742 14th Street N.E. 
Calgary T2E6LT 
Tel: (403) 278-8818 
Telex: 13 825 89 77 
BRITISH COLUMBIA 
)LA. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y 1C4 
Tel: (604) 873-3211 
TWX: 610-929-1068 
Telex: 04 53187 

ONTARIO 

Hamilton/Avnet Eleclronlcs 

6291-16 Oorman Road 

Mississauga L4V 1H2 

Tel: (416) 677-7432 

TWX 610-492-8867 

HamiHon/Avnet Electronics 

1735 Courtwood Crwc, 

Ottawa K2C 2B4 

Tel: (6131 226-1700 

TWX: 610 562-1906 

Zen Ironies 

141 Catherine Street 

Ottawa. Ontario K2P 1C3 

Tel; (613) 238-6411 

Zentronics 

99 Norfinch Dr. 

Downsview, Ontario M3N 1W8 

Tel; (416) 635-2822 

Telex: 02-021894 

QUEBEC 

IHamilton/Avnel Eleclronica 

2670 Paulu5 

St Laurenl H4S 1G2 

Tel- (514) 331-6443 

TWX. 610-421-3731 

Zentronics 

8146 Montview Road 

Town of Mount Royal. Montreal 

Quebec H4P 2L7 

Tel; (5141 735-5361 

Telex: 05-827535 

MANITOBA 

L. A Varah Ltd 
1832 King Edward Street 
Winnipeg R2R ONI 
Tei: (204) 633-6190 
Telex; 07-55365 
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System Centers 



